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The high-pressure mercury arc of the Scopicon is the 


brightest light source ever employed for microprojection. 
The focal spot employed is roughly 1 mm. square: its pin- 
point character permits flickerless projection of crisply de- 
tailed images up to ten feet across even under oil-immersed 
microscope objectives. The white color exhibits the various 
biological stains to splendid advantage May we send you 


the brochure describing this versatile new instrument? 


MASS DEMONSTRATIONS IN THE AUDITORIUM 


The projectionist can follow a specimen through a progressive series of 
ever-closer localizations, from its gross aspect to its ultimate microscopic 


demonstration under oil-immersed objectives, 


i _microprojection 


SMALL-GROUP 
STUDY IN A NORMALLY LIT ROOM 


image is cast in a dark-chamber table height 
screen: each observer has a separate light- 
excluding viewing hood. 


SCOPICON, Inc. 
215 East 149 Street 
New York 51, N.Y. 
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H. N. HACKETT 
Apparatus Department 


Mercury Power Cyc e: [In a typical mer- 
cury-unit power plant] heat from the burning 
fuel is absorbed by liquid mercury within the 
tubes of the mercury boiler to form mercury 
vapor, which passes from the boiler to the mer- 
cury turbine, where it releases a portion of its 
energy to produce electric power. The vapor 
from the turbine is exhausted to the vacuum 
shell of the mercury condenser boiler. There it 
condenses and releases its heat of vaporization 
to water within the tubes. The liquid mercury 
is returned from the sump, or hot well, to the 
boiler by a mercury feed pump or by gravity, 
as the case may be. 

The feed water that absorbs heat from the 
condensing mercury vapor is boiled into steam 
at any desired pressure. This steam is then 
superheated in tubes located in gas passages of 
the mercury boiler. This superheated steam is 
then available for driving a steam turbine or 
may be put to other desired uses. 

.. . The steam thus produced by the binary 
eycle is only slightly less in amount than it 
would be if the equivalent fuel were burned 
directly in a steam boiler. . . . 

The mercury-steam cycle as we know it to- 
day is one of the most efficient power cycles 


in commercial use. 
Plant Engineers’ Club, 
Cambridge, Mass., 
April 20, 1950 
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Carsium Rectiriers: Many modern industries 
owe their existence to electronic tubes. For 
example, in long-distance telephony, talking 
movies, radio, television, and radar, the elec- 
tronic components are essential elements, for 
which there are no alternatives. These com- 
ponents are principally triodes, pentodes, mag- 
netrons, and cathode-ray tubes. 

Other applications use vacuum tubes be- 
cause they do the job better or more econom- 
ically than alternative devices. Rectifiers are 
in this category .. . 

A new development of considerable promise 
is a rectifier or thyratron which substitutes 
caesium vapor for mercury as the conducting 
gas and simultaneously makes use of the con- 
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ELECTRIC People Are Saying 


densed monatomic layer of caesium as cathode 

coating. . . . An interesting feature of this type 

of cathode is that its life is unlimited. Even 

more interesting is the voltage drop, which is 
the lowest known .. . 

These tubes are only in the experimental 

stage. 

A.1.E.E. 

New York, N. Y. 

February 1, 1950 
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Croup Seepine: Part of the benefit which 
may come from recent cloud-seeding experi- 
ments could be the prevention of rain or snow. 
Our investigations show that this could be 
brought about by intentional overseeding. By 
seeding supercooled or below-freezing clouds 
with excessive amounts of dry ice or silver 
iodide, we can bring about the formation of 
snow cfystals which are unable to grow big 
enough to fall. By continuously ch oe new 
supercooled regions as the cloud produces 
them, all—or a an part—of that cloud would 
either be dissipated or kept from growing into 
a thunderstorm. 

There is even a possibility that, using the 
overseeding technique on huge areas of super- 
cooled stratus clouds, we may produce snow 
crystals in such tremendous quantities that 
they could constitute holding reservoirs of 
snow crystals in the sky. These might later 
affect lower supercooled clouds, and in that 
way initiate widespread effects of a different 
pattern than would occur under natural condi- 
tions. 

There is a distinct possibility that dangerous 
aircraft-icing conditions caused by super- 
cooled deal might be eliminated or reduced 
along major airline routes or in the vicinity of 
airports by converting the clouds to snow 
crystals. In a similar manner, ground fog, if it 
is sufficiently supercooled, might be cleared by 
seeding. 

WGY Science Forum, 
March 8, 1950. 
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Astrochemical Problems in the 
Formation of the Earth 


Wendell M. Latimer 
Department of Chemistry, University of California, Berkeley 


HE ASSUMPTION that the earth was formed 

by condensation of a cold cosmie cloud ap- 

pears to offer a more satisfactory explanation 

of its composition than does the assumption 
that the earth was condensed directly from a mass of 
hot gas.1 On the latter assumption, it is difficult to 
account for such facets as the presence of water but 
the absence of quantities of the noble gases, the con- 
stant isotopic composition of matter in the earth and 
meteorites, and the presence of both metallic and oxi- 
dized iron. 

The composition of the earth is essentially that of 
the solid particles which may be presumed to be pres- 
ent in a cold cosmic cloud. The process of condensa- 
tion then must separate these particles from the large 
excess of gaseous material and bring them together 
to form a mass with the characteristies which the 
geologists ascribe to the earth in its initial state. The 
essential features of this geological picture? are a 
central core of iron (with about 8 percent nickel), 
surrounded by a mantle of magnesium and iron meta- 
and orthosilicates and an outer layer of basalt. In 
the initial stages there was no surface water, no atmos- 
phere, and no granite masses on the surface—that is, 
no continents. 


Initial Composition of the Cosmic Cloud 

Brown (3) has summarized the data on the relative 
abundances of the elements in the sun and stars. His 
values are given in Table 1. At a temperature of not 
more than a few hundred degrees Kelvin, a cosmic 
cloud formed from the elements with these abundances 
would consist of solid particles and gases. The weight 
of the gaseous materials was several hundred times 
that of the solids. Chemical thermodynamies per- 
mits definite conclusion as to the compounds present in 
both the gas and the solid particles. The more im- 
portant materials are summarized in Table 2, and the 
thermodynamic data relating to their stabilities at 
298° K are given in Table 3. It may be presumed 

1 This point of view was expressed by Harold Urey, Harri- 
son Brown, and the author at the Rancho Santa Fe Confer- 
ence on the Formation of the Earth, held under the sponsor- 


ship of the National Academy of Sciences, January 23-25, 
1950. 

2The geologists present at the Rancho Santa Fe Confer- 
ence were in general agreement on the broad aspects of this 
picture. 
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that the average composition of the solid particles was 
constant throughout the cloud. Because of the large 
excess of hydrogen and water, stabilities are deter- 
mined by oxidation-reduction potentials relative to 
these substances. Oxygen will be present either in 
very stable solid oxides or as water; the nitrogen as 
nitrides or ammonia; and the carbon as carbides or 
methane. A very important problem is that of iron 
and ferrous oxide. 
FeO + H, = Fe+ H,O, AF 29, =3.8 keal; 


P(H,O) 
p= =16 
From the relative abundances of H and O (Table 1) 
P(H,O) 


the ratio — 


P(H,) 
at 298° K the equilibrium favors the reduction and 
FeO is unstable. However, if the FeO is combined 
with SiO, to form FeSiO,, the equation becomes 
FeSiO, + H, = Fe + + AF = 12 keal; 

_ 

~ P(H,) 
Hence, FeSiO, (also Fe,SiO,) is stable at 298° K 
and would remain so below 600° K. This becomes an 
extremely significant fact, since the amount of oxi- 
dized iron will depend upon the SiO, available for the 
formation of the iron silieates. MgSiO, and Mg.SiO, 
appear to have equal or greater stability than FeSiO, 
and Fe,SiO,, and the amount of oxidized iron should 
therefore depend upon the relative abundance of Mg 
and Si. From Table 1 the relative abundances are 
found to be 8870 and 10,000, respectively. The me- 
teoric silicates are approximately 45 percent ortho. 
Hence 8870 Mg would tie up only 6865 SiO, and 
leave 3135 SiO, for the formation of iron silicates. 
Assuming the percentage of the ortho and meta sili- 
eates is the same for both Mg and Fe, the ratio of 


in the gas phase is 5x 10-*. Hence, 


= 10-*. 


magnesium to oxidized iron is then 


or 2.2. 
Brown (2) has given the weight percentages of mag- 
nesium and oxidized iron in the silicate phase of 
meteorites as 16.62 and 13.23, respectively. The cor- 
responding atomic ratio is 2.9, which is in approxi- 
mate agreement with the value caleulated above, and 
if a correction is made for the SiO, combined with Ca, 
Na, and K, the agreement would be even better. 


‘ 
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TABLE 1 


CosMic RELATIVE ABUNDANCES 


Element Abundance* Element Abundance 
H 3.5 x 108 A 130-2,000 
He 3.5 x 10° K 69 
Cc 80,000 Ca 670 
N 160,000 Se 0.18 
oO 210,000 Ti 26 
F 90 Vv 2.5 
Ne — 106 Cr 95 
Na 462 Mn 77 
Mg 8,870 Fe 18,300 
Al 882 Co ov 
Si 10,000 Ni 1,340 
130 cu 4.6 
Ss 3,500 Zu 1.6 


cl 190 Ga 0.65 


* Atoms per 10,000 atoms of Si. 


Condensation of the Earth Cloud 


It may be assumed that the initial diameter of the 
earth cloud was less than half the distance between 
the orbits of Mars and Venus, or 5 x 10"? centimeters. 
During the condensation of the cloud under gravita- 
tional forces to form the earth, two important pro- 
cesses occurred: one, the loss of the gaseous material 
and, two, a concentration of the iron particles toward 
the center of the mass. 

The gaseous material escaped even if the total mass 
(gas plus solids) was several hundred times the pres- 
ent mass, since the gravitational force at the surface 
of the mass was insufficient to hold the gases until the 
diameter was greatly reduced. The problem cannot 
be stated exactly without a knowledge of the surface 
temperature. The surface toward the sun would be 
heated, and the gravitational heating would be con- 
siderable, as will be discussed later. A temperature 
of not less than 400° K (1) will be taken as a rough 
estimate (5). At that temperature a gas with a 
molecular weight of 40 would eseape until the radius 
was reduced at least 100 times. It seems probable, 
then, that in the condensation from a radius of about 
2.5 x 10'* em to 6.37 x 10§ em, even the heavier gases 
were lost and the earth as originally formed was with- 
out an appreciable atmosphere. This is in agreement 
with the conclusions of Brown (7). 

During the major portion of the condensation 


TABLE 2 


PRINCIPAL SUBSTANCES PRESENT IN INITIAL CLOUD 


Gases Solids (continued) 
Hy Oxides or their compounds of 
He Fe, and all elements more 
CH, electropositive than Fe, e.g., 
NHs FeeSiOu, MgSiOs, Cas(Al0s)e - 
He, Ne, ete. nHeO, Al(OH)s 

Solids Nitrides, FezN, etc. 


Metals (Fe and all 
less electropositive 
elements) 


Carbides, FesC, etc. 
Halides, NaCl, ete. 
Sulfides, FeS, PbS, ete. 
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process the particles are “falling” through an appre- 
ciable concentration of gases. By Stokes’ law the 
velocity of fall is given by the expression 
y 

where a is the radius of the particle, d is density, dm 
the density of the medium, G the acceleration of grav- 
ity, and € the viscosity coefficient. The density of the 
particles varies from about 8 for the iron-nickel to 
3.5 for olivine and 2.9 for the basalt. Thus from the 
density difference, the iron-nickel particles would fall 
with a velocity two to three times that of the silicate 
mineral. However, it is likely that the iron particles 
with a simple crystal lattice grew to much greater size 
than the more complicated silicates, and, since the 
velocity is proportional to the square of the radius, 
this factor could have produced large differences in 
velocities. An iron particle with a=10° em would 
fall three million times faster than a silicate particle 
with a=10°° em. It seems likely, then, that the process 
of condensation concentrated the metals toward the 
center of the earth and also concentrated the heavier 
orthosilicates around the metal core with the lighter 
basalt nearer the surface. 


TABLE 3 
AH, AF, anv 8 at 298° K 


Compound AH (keal) AF (keal) S (cal/deg) 
11.04 3.976 46.11 
HeO (liquid) .... 68.31 - 56.69 16.71 
205.4 — 192.4 10.0 
- 63.7 — 58.4 12.9 
— 94.45 — 94.26 51.06 
- 276 258.8 (22) 
we 343.7 319.8 35.4 
5.0 3.5 25.7 
-0.9 2.6 24.2 
73.0 66.1 7.20 


It is possible that the moon was formed in the later 
stages of condensation. When the diameter was sev- 
eral times that of the final value, tidal waves in the 
“loose material” may have been sufficient to cause a 
rupture. Since the heavier iron and mineral particles 
had already been concentrated toward the center of 
the earth, the composition and density of the moon 
formed at that stage would correspond to that of the 
outer layers of the earth. 

The most difficult point to understand in the con- 
densation process is how the enormous gravitational 
energy could have been dissipated to such an extent 
that the earth condensed comparatively cold. The 
total gravitation energy of condensing the solid par- 
ticles is 2.6 x 10®° ergs, or 10* calories per gram. In 
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the early stages of the condensation the escaping 
gases certainly carried away large amounts of energy, 
but in the final stages the particles are presumably 
falling in a near vacuum, and a body falling from 
only a few miles out from the earth’s surface would 
acquire a kinetic energy sufficient to heat it to several 
thousand degrees. 

The answer lies in the fairly high viseosity eo- 
efficient of a cloud of small dust particles even with 
no gas present and the low terminal velocity which 
the particles of the cloud would therefore possess. 
From kinetie theory the viscosity coefficient of a sys- 
tem of particles with a thermal velocity V,, mass m, 
and radius 4, is: 

mV, 


Assuming the thermal velocity for a temperature 
inside the cloud of 600° K, which is below the tem- 
perature at which the hydrated silicates would lose 
water, the value of the viscosity coefficient for parti- 
cles of a=10-° em is about 10-*. Using this value to 
ealeulate the terminal velocity of particles of this size 
and density p= 3, one finds 


x 10-* em /see. 


In view of this low velocity of fall of the cloud, one 
feels justified in equating the rate of decrease of gravi- 
tational energy to the decrease in energy by radiation : 

Gm,m,dR 
where G is the gravitational constant, m, the mass of 
the earth, m, the mass of the particle, R, the radius 
of the earth, c the radiation constant, and ¢ is time. 
Substituting V,dt for dR, and simplifying: 
29x10". 
27 cR,* 
This equation assumes that each particle is radiating 
into space—an assumption that is, of course, not true. 
And a knowledge of the coefficient of opacity is re- 
quired for an exact solution (4). However, a cloud 
of particles with radii less than 10-° em would ap- 
parently not aequire a high temperature in slowly fall- 
ing to the earth’s surface. 


Heating of the Earth 

lt the earth was formed as a comparatively cold 
mass, we must next consider the problem of how its 
present internal temperature was attained. A cal- 
culation of the energy produced by the radioactivity 
of K*° shows that this source of energy is very ap- 
preciable. The calculation, using Brown’s (3) values 
for the abundance of potassium, follows: 

Abundance of K, 0.12 percent. 

Total K = 0.0012 x 6.1 x 107* = 0.73 x 10° grams. 

at present, 0.012 percent of total K = 0.88 x 10°! 
grams. 
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Half-life of K*°, 1.5 x 10° years, uncorrected for K- 
capture. 

Assumed age of earth, 3 x 10° years. 

Amount of K*® at time of earth’s formation, 4 x 
0.88 x 1071 = 3.52 x 107" grams. 

Maximum energy from K*° £-, 1.3 Mev. 
ergy from K*° B-, 0.5 Mev. 
K-capture, 0.6 Mev. 

Heat produced by reduction of K*° from 3.52 x 10** 


Mean en- 
Energy corrected for 


grams to 1.7610"! grams= zs x 1.76 x 107" x 0.6 x 


10° x 2.3 x 104 = 6.1 x 10°° ealories. 

Assuming all K is in the mantle, and weight of 
mantle is 50 percent of weight of earth: 
6.1 x 
3.05 x 1027 
Specific heat of mantle material 0.2 eal/g. 


Heat per gram of mantle = = 200 eal /g. 


200 
Rise of temperature a9" 1000° C. 


Thus in the first 1.5 x 10° years the K*° alone would 
have increased the temperature of the mantle to about 
1300° C. If most of the potassium were concentrated 
in the outer basalt layer, this region could easily at- 
tain temperatures above 2000° C. In addition to 
the K*° effect, the heat liberated by the uranium radio- 
active series must be considered. A calculation for 
the decomposition of U?* to lead over the period 2.8 x 
10° to 9 x 10° years ago gives as the heat produced 3 x 
10°° calories, or about 50 percent of that liberated by 
K*°, and a summation of the heat from all the radio- 
active series would probably add another 25 percent. 


Formation of the Atmosphere 


As the temperature of the interior of the earth in- 
creased, various chemical reactions occurred, a num- 
ber of which liberated the materials now forming our 
atmosphere. 

1. A portion of the basalt decomposed to give the 
granite, which rose to form the continents, and dunite, 
which tended to sink to lower levels. 

2. The hydrated silicates and aluminates were 
broken down with the liberation of steam, which rose 
to the surface to form the present water. 

3. Ferrous oxide oxidized many of the carbides to 
form CO,, e.g., 

Fe,C + 2FeO = 5Fe + CO,; AF'z9, = 19,000 calories. 
The free energy of the reaction is positive at 298° K, 
but the entropy of the reaction is about 50 cal /deg; 
hence, the reaction will go above 500° K. 

4. Since the excess of hydrogen has been lost, the 
newly formed steam will oxidize more Fe: 

Fe + H,O = FeO + H,; AF =- 3800 calories. 
Most of the free iron which remained in the outer 
layers was thus oxidized. 

5. Nitrides were hydrolyzed by steam to ammonia: 
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2Fe,N + 3H,O =3FeO + Fe + 2NH,; AF... = 

— 21,900 calories. 
Free Fe,N would have been unstable in the original 
cloud, but considerable quantities doubtless were pres- 
ent as a dilute solution in Fe. The same is true of 
the Fe,C. The ammonia would decompose in the hot 
regions into N, and H,. Urey has suggested that am- 
monia was also liberated from NH,Cl by reaction with 
basic oxides. 


Later Changes in the Atmosphere 


At this stage the atmosphere consisted of water 
vapor, carbon dioxide, nitrogen, hydrogen (which was 
slowly lost from the gravitational field), and possibly 
some ammonia. Photochemical changes have added 
our present supply of oxygen. The hydrolysis of the 
complex silicates freed basic oxides such as CaO and 
MgO, which absorbed large amounts of the CO,. Any 
ammonia has been oxidized to nitrogen by the oxygen. 
Argon has been added by the B-decomposition of K*. 


The Origin of the Earth Cloud and the Other Planets 
Since the earth cloud of gas and dust particles was 
unstable with respect to its ability to retain the gas, 
it must have been formed by the breakup of a larger 
cloud, and the other planets were doubtless formed in 
the same manner from the same cloud. The charac- 
ters and origin of the larger cloud are open to con- 
siderable conjecture. Von Weizsiicker (6) has dis- 
cussed the mechanies of the condensation of a cosmic 
cloud to form a sun and planets. The problem has 
also been treated by Whipple (7), and the following 
postulate is somewhat along the lines suggested. 

In the process of condensation of the cosmic cloud 
(A in Fig. 1), it may be assumed that the sun ac- 
quired a small diffuse companion (B, Fig. 1), either 
in the original condensation process or from one or 
two smaller neighboring clouds. This diffuse com- 
panion would have condensed to a small companion 
star, but its rotational and orbital velocities were so 
large that it was distorted (C, Fig. 1), and broke up 
into smaller clouds (D, Fig. 1). The minor planets 
were formed from the tail or winglike portion of the 
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cloud, and the major planets from the more massive 
portion. All the minor planets should have con- 
densed to bodies without an atmosphere. The major 
planetary clouds were alj of sufficient mass to hold the 
lighter gases, and their composition should approxi- 
mate the total composition of the initial cloud, i.e., the 
sum of the gases plus the solid particles. Pluto, on 
the other wing, is presumably more like the earth, and 
any more’ distant planets would be expected to be 
smaller. 

The suggested formation of the earth cloud from 
a diffuse companion of the sun is not essential to the 
arguments with regard to the development of the earth 
in its present state; however, the hypothesis does give 
a reasonable picture of the distribution of mass among 
the various planets, and some picture is required that 
gives a common origin of all the solid material of the 
earth and meteorites to account for their constant 
isotopic composition. 
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August Krogh: 1874-1949 


Cecil K. Drinker 
Falmouth, Massachusetts 


UGUST KROGH was born in Grena, a small 

town in Jutland, where his father owned a 

brewery. His mother took care of his early 

education, and he went to school rather late. 

He became a Master of Science in zoology in 1899 and 

received his Ph.D. in zoology from the University of 
Copenhagen in 1903. 

After 1899 he woiked as assistant at the Physiologi- 
cal Institute under Christian Bohr, still known to us 
in physiology for his fundamental discovery in respi- 
ration, the “Bohr Effect,” and in recent years known 
to us more generally through his distinguished son, 
Niels Bohr. It was natyral that Krogh’s thesis dealt 
with a respiratory problem, “On the Skin and Pul- 
monary Respiration of the Frog.” It was published 
in the Skandinavisches Archiv f. Physiologie, and has 
proved a permanent addition to our knowledge. 

At that time Christian Bohr was the chief champion 
of the theory that gases, especially oxygen, were se- 
creted by the lung epithelium into the blood. Krogh 
accepted this theory, but he and Bohr agreed it was 
based on inconclusive evidence. In 1905, using meth- 
ods of analysis developed mainly for work in insect 
physiology, he determined to search for more decisive 
evidence through studies of the tension of O, and CO, 
in the blood and in the alveolar air. 
continued until 1910, much of it in collaboration with 
his wife, Marie Krogh, whom he married in 1905 while 
she was a medical student. The results led steadily 
away from the secretory theory and to convincing 
evidence that gas transport depended upon simple 
diffusion. : 

In 1908 he beeame lecturer in physiology at the 
University of Copenhagen and in 1910 was given a 
small laboratory of his own. This he named The Lab- 
oratory of Zoophysiology, changing from the original 
designation, Animal Physiology, in order to reduce 
attention from the antivivisectionists. The laboratory 
received in 1910 was oceupied by Krogh and his pu- 
pils until 1928, when he moved into the beautiful new 
building which was given to the University of Copen- 
hagen by the Rockefeller Foundation principally be- 
cause of his accomplishments in physiology and in the 
fundamental understanding of medical problems. 

Krogh’s finest work was done in the original labo- 
ratory, although until his death he was steadily active 
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This work was, 


with his own hands and at any time might have again 
been found in the midst of epoch-making discoveries. 
He had an abiding love for experimental work, which 
asserted itself wherever he was. 

The first laboratory was in part of a solid block of 
Danish houses at Ny Vestergade 11. The quarters 
had been the university laboratory of bacteriology. 
Structurally, they offered exactly the same possibili- 
ties for efficiency and comfort as would be supplied 
by a large American house in the center of a heavily 
populated block in any of our large cities. 

Krogh and his family lived on the two upper floors, 
thus having a proximity to the laboratory he felt most 
important. Indeed, I remember he told me in 1926 
he would not move into the new quarters which were 
being built unless they included a place to live. This 
feeling did not arise from motives of comfort or econ- 
omy. It was the expression of his total immersion 
in the affairs of the laboratory and his unwillingness 
not to be able to go and come at any time. 

The laboratory was very small. No one, the Pro- 
fessor included, had a room to himself. Paul B. Reh- 
berg, Krogh’s assistant during my year in Copenhagen, 
did that winter oceupy a small room alone, but the 
door was never shut, and at any time it was clear 
someone might go in with him. 

In 1926-1927 A. N. Richards, Edward D. Churchill, 
and I oceupied a room together. There was a large 
table in the center and old-style laboratory desks were 
on one side, together with a sink supplying cold water. 
Hot water was heated over an old coal stove in one 
corner, where a kettle was always in place. If we 
wanted more hot water or wanted it in a hurry a gas 
ring was available. We washed our own glassware 
and at one time I had a lot of it. I cannot remember 
we suffered from this! 

In this room and two other small ones adjoining it, 
Krogh initiated, and to a large degree carried ovt, his 
observations upon the capillaries, for which he re- 
ceived the Nobel Prize in 1920. This work had some- 
what the same sort of impetus as his first researches 
on gas transport. He was examining the diffusion of 
oxygen out of blood and into musele. Gradually he 
becaine aware that, given the capillary area appar- 
ently available at rest, it was impossib!e to obtain the 
amounts of oxygen used by the muscle at work. In 
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explanation he thought that capillaries in working 
muscle not only dilated but that vessels, closed during 
rest, became patent, so that the capillary surface for 
gas exchange was enormously increased and the 
muscle was enabled to work in an environment wholly 
suited to activity. The many investigations through 
which this first demonstration led Krogh and his pu- 
pils do not require comment. In the main, they were 
summarized in his Silliman Lectures at Yale in 1922 
and published in his monograph, “The Anatomy and 
Physiology of the Capillaries.” 

The man himself was modest and informal. He 
possessed the simple directness of thought and ap- 
proach that accompany absolute honesty. I remem- 
ber how each morning about ten he drifted noiselessly 
downstairs in his old earpet slippers and entered the 
laboratory. He came to each of us in turn, always 
shook hands, and then at once began to talk of our 
work, which was never out of his mind. He had ques- 
tions for us and suggestions as to progress and he was 
delighted if we came forward with posers for him. 
The experiments in ‘progress were more or less inte- 
grated, but each worker owned his problem, and, al- 
though Krogh usually suggested the research, he never 
allowed his name to appear on the paper unless he 
had actually taken part in the work. The list of his 
publications is formidable, extending through 48 years 
of almost unbroken activity. He abhorred “directors” 
of laboratories, believing that a man responsible for a 
laboratory had the privilege of acting as a sort of 
enzyme to help produce results but had no place as 
the principal figure in the task. 

After 1910, when Krogh became independent in the 
Ny Vestergade laboratory, [ have been able to count 
over twenty Americans who worked in the new labo- 
ratory, and of this number all except two became pro- 
fessors or heads of departments. With the possible 
exceptions of Sir Joseph Barecroft and Sir Thomas 
Lewis, I believe August Krogh dealt with more Ameri- 
ean students than any of his contemporaries. His 
personality and his influence were never lost to us, 
nor did he ever cease to be interested in what each of 
us was doing. 

He spoke and wrote English almost perfectly. On 
his visits to my house I remember how assiduously he 
went through The New Yorker, never permitting a 
phrase to escape him. His sense of humor was keen, 
and he appreciated the American idiom. He read 
many American books and was devoted to Mark 
Twain, William Prescott, and Francis Parkman—the 
last two fed his interest in archaeology. During the 
last twenty years of his life Krogh came frequently 
to this country. As he entered our laboratories, all 
were conscious of his quiet friendliness, and of the 
readiness with which he listened to and examined the 
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work being done. He had great sagacity and direct- 
ness in planning experiments. He was an excellent 
technician and deviser of apparatus, but he was com- 
pletely ruthless in making it as simple as possible. 
The beauty of mechanical things attracted him, but he 
considered refinements in apparatus unessential to the 
problem at hand to be expressions of weak intellect, 
and they never interested him. 

From 1901 until about 1917, Krogh’s investigations 
were largely in the field of respiration and gaseous 
metabolism, and students who went to him represented 
this aspect of physiology. His interest, however, was 
inclusive, and he never forgot the breathing and 
energy metabolism of insects, which had intrigued 
him at the beginning of his career and which, after 
he retired from his professorship in 1944, became his 
entire occupation in the small private laboratory he 
had constructed. 

Krogh’s absorption in physiology did not preclude 
other activities. He was a faithful and influential 
member of the university faculty and of the Danish 
Royal Society. In March, 1949, a bit before his 
final illness set in, he wrote me deseribing the sort 
of action which was characteristic of him, though 
unexpected in so quiet and contained a man. 


I caused a great stir in Denmark by resigning on Jan. 
14th from our Roy. Soc. because I could not persuade 
them to go in actively to impreve conditions of scientific 
work in this country. The whole of the Danish press 
commented favorably on this step and I feel sure that in 
the long run it will prove useful. At least it has shown 
the authorities that if they want to do something positive 
publie opinion will be behind them. 


In 1922, when in this country, he learned all he 
could about the production of insulin and on return- 
ing to Copenhagen he joined Hagedorn in the found- 
ing and construction of the Insulin Institute, which 
supplied and continues to supply the drug to Seandi- 
navia and much of Europe, besides notably advancing 
research on diabetes. 

The second world war was an ineredible experience 
to him. He was a warm admirer of German science 
and had many German students. The intellectual 
descent of Germany into Nazism was to him impos- 
sible. When the Nazis took Denmark and Norway 
and attempted to impose an ignorant dictatorship 
upon these highly cultivated and free-thinking peo- 
ple, he joined his friends in constant, silent revolt. 
Had he been younger his participation would cer- 
tainly have been active, and he would have suffered 
physically as did his associate Rehberg. In October, 
1944, Krogh wrote : 


I don’t think I have had a word from you after the 
terrible April 1940, but I have taken the opportunity to 
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write you at least once during a visit to Sweden. Now 
again I am here, and this time I shall have to stay until 
Denmark is liberated. About the middle of June I had 
an intimation of imm*..:nt danger and had to go ‘‘ under- 
ground,’’ which in my case meant going about in North 
Zealand on my bicyele and staying for periods not too 
long with various friends and relatives. 1 am sorry to 
say that I had not really deserved this honour, having 
done very little towards the cause, and I fear it was only 
because I was considered ‘‘prominent’’ that I might be 
worth ‘‘liquidating.’’ I had arranged to spend the sum- 
mer at a small and secluded limnological laboratory, when 
I received word from Stockholm that my son-in-law, 
Christer Wernstadt, was very seriously ill, and could I 
come. After deliberation with well-informed persons it 
was decided that I should apply for regular visas and try 
to come ‘‘legaliy’’ to Sweden, and this succeeded in such 


an incredibly short time that there is a strong suspicion 
that the German official in question knew of the danger 
and wished to be helpful. Anyway I arrived safely on 
July 9th. 


In addition to the Nobel Prize, August Krogh re- 
ceived honorary degrees and memberships in seien- 
tifie societies from many parts of the world. It is 
our pleasure that he was one of those given the doe- 
torate at the Harvard Tereentenary in 1936, and thus, 
in addition to having had a hand in the training of 
eight full professors at Harvard, he appears upon the 
rolls of the university. 

Those who knew him will never forget this man and 
those not so fortunate will ever gain inspiration from 
his elear-sighted and classically simple observations. 


Technical Papers 


A Limitation on the Ultracentrifuge 
Separation-Cell Technique’ 


S. J. Singer? and Albert Siegel 


Gates and Crellin Latoratories of Chemistry® and 
Kerckhoff Laboratories of Biology, 
California Institute of Technology, Pasadena 


The ultracentrifuge separation cell has been increas- 
ingly utilized in recent years in investigations of the 
biological activity associated with certain high molecular 
weight solutes (2, 3, 8). In this analytical cell a porous 
plate overlaid with filter paper divides the cell into two 
compartments. This permits occurrence of analytical 
sedimentation, observed by the usual optical methods, 
but prevents remixing of the contents of the two 
chambers at the end of an experiment. The sedimenting 
boundary of the characteristic substance suspected of 
being biologically active may then be brought to various 
known positions in the cell in different experiments, the 
rotor rapidly decelerated, and the biological activity 
remaining in the top compartment of the cell determined. 
If one finds that the residual activity is exactly propor- 
tional to the amount of the characteristic substance 
remaining in the top chamber, one has apparently elimi- 
nated the possibility that impurities of either significantly 
smaller or significantly larger sedimentation rates than 
that of the characteristic substance are the active 
principles. 

1 Presented before the American Chemical Society at the 
meeting in Philadelphia, April 9-13, 1950. 

* Postdoctoral research fellow, National Institutes of 


Health, United States Public Health Service. 
* Contribution No. 1427. 
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It is not clear, however, that this conclusion is justi- 
fiable under the following set of circumstances. Let us 
suppose that we have a solution containing a character- 
istic substance (hereinafter referred to as CS) in 
relatively high concentration (1-10 mg/ml), together 
with a very small amount of an active principle (AP), 
which is responsible for all of the particular biological 
activity in this mixture. Let us further assume that the 
sedimentation constant of the AP is larger than that of 
the CS. Upon performing a separation-cell experiment 
with this mixture, might not the small thermal gradients 
occurring during sedimentation, or the vibration of the 
rotor, be sufficient to disrupt the AP sedimenting bound- 
ary, since the density gradient across this boundary 
would be very small? Furthermore, might not the AP 
then be distributed relatively uniformly ahead of the 
stable CS boundary, but not be convectively transported 
across it? Under these circumstances, the gradient of 
activity through the cell might very nearly coincide with 
the gradient of concentration of the CS, creating the 
illusion that the CS is the active principle. 

In order to examine this problem, which is of con- 
siderable interest, for example, in the study of plant 
viruses (2), we must know more about the behavior of 
very dilute solutions in the ultracentrifuge. The usual 
optical methods for determining sedimentation rates are 
not sensitive enough to permit the study of solutions of 
concentration lower than about 0.1 mg/ml. Bacterio- 
phage particles, however, offer the possibility of studying 
this problem. Their concentrations can be followed ac- 
curately by infectivity measurements in extremely dilute 
solutions. Despite the fact that some of these bacterio- 
phages have a morphology which makes the term ‘‘mole- 
eules’’ inapplicable to them, they behave like protein 
molecules in the usual sedimentation and diffusion 
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experiments. Sharp et al. (7) investigated relatively 
concentrated T2 Escherichia coli bacteriophage solutions 
in the ultracentrifuge by the ultraviolet absorption 
optical method. Polson (4) studied the diffusion be- 
havior of T4 and T3 bacteriophages, and showed that 
the tail of the former particle does not significantly 
affect its diffusion properties. Both particles obey the 
Einstein equation for diffusion reasonably well in rela- 
tively concentrated solutions. A review of the melecular 
kinetic properties of bacteriophages was recently pub- 
lished in this journal (6). 

Our experiments were performed with T2 bacteriophage. 
The raw bacterial lysates, which were prepared in M-9 
synthetic medium, were concentrated and purified by 
differential centrifugation. The infectivity of the re- 
sulting preparation was of the order of 10“%° g N/ 
infective particle. 

The ultracentrifuge used in these studies was designed 
and built in the Chemistry Department of this institute. 
A detailed description of it will appear elsewhere. 

Various concentrations of bacteriophage in cacodylate 
buffer, pH = 6.9, »=0.1, were examined by the separation- 
cell technique. In experiment U-46, with a solution eon- 
taining 0.5 mg/ml, the sedimentation was followed by the 
usual Philpot Schlieren optical method. Two peaks were 
recorded with sedimentation constants of about 1,000 
and 700 S. This two-peak phenomenon was observed by 
Sharp et al. (7). After 2,300 see of sedimentation at 
149.3 rps the slower peak was well past the porous plate 
partition. All the experiments, the results of which 
are given in Table 1, were run for the same time at the 
same speed. 


TABLE 1 


Solution 


Original solution 
removed 


Exp. from top Residual 
activity 
No. chamber 
Titer Cone. 
T2/ml mg/ml 
T2/ml 
U-46 6.0 x 10" 5.0 x 10-1 4.4x 10" 0.7 
U-45a 1.1 x 10" 9.1 x 10-8 1.8% 1% 1.6 
U-4ie 8.0 x 108 6.6 x 10-* 51x10 6.4 
U-45b 6.1 x 107 5.1 x 10-5 2.2 x 10° 3.6 
U-45a 6.5 x 108 5.4 x 10-7 2.8 x 10* 4.3 


A calibrated thermocouple with one junction situated 
in the slip stream of the rotor indicated that the tem- 
perature of the rotor changed by no more than 0.2° 
during the runs. An gir pressure of 5x 10-* mm Hg was 
maintained in the centrifuge chamber and no cooling of 
the chamber was necessary at this low speed. Control 
experiments indicated that the bacteriophage suffered 
no chauge in infectivity upon standing at room tem- 
perature in the separation cell for comparable times. 

These experiments indicate that an increasing pro- 
portion of the bacteriophage particles is left in the top 
compartment upon sedimenting more dilute solutions 
under identical conditions. This could not be due to a 
displacement of the mean ordinate of the sedimenting 
boundary since, in the absence of disturbing infiuences, 
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the sedimentation constant should increase with dilution 
(1). The results suggest rather that convection currents 
increasingly perturb the concentration distribution about 
the mean ordinate of the boundary with increasing 
dilution. There does not appear, however, to be a con 
centration at which an abrupt change takes place in the 
stability of the boundary. 


TABLE 2 


TMVP Bacteriophage titers x 10-* 


Residual 
Exp. Boundary activity 
No. position original residual - 
(see text) solution solution %e 
U-Sa 0.50 3.8 0.15 4.0 
U-7 0.88 2.1 0.033 1.6 
U-6 1.25 2.1 0.024 1.1 


A second set of experiments was performed with 
mixtures of 5 mg/ml of tobacco mosaic virus protein 
(TMVP) and about 10° T2 bacteriophage/ml in the 
cacodylate buffer used previously. The TMVP boundary, 
moving at a rate equivalent to about 200 S, was sedi- 
mented to various positions in the cell. In experiment 
U-5a, the boundary was taken 0.50 of the distance from 
the top of the cell to the porous plate partition; in 
experiment U-7, 0.88 of this distance; and in experiment 
U-6, about 0.25 of this distance past the partition. The 
contents of the top compartment were then analyzed 
for bacteriophage activity. Control experiments indi- 
cated that TMVP has no effect on bacteriophage in- 
fectivity. 

The results of these experiments are listed in Table 2. 
The fact that the titers in experiments U-7 and U-6 of the 
solutions removed from the top compartment were only 
slightly different demonstrates that no sharp change in 
bacteriophage concentration occurs across the slower 
moving TMVP boundary. In other words, the con- 
vective transport of the bacteriophage particles is not 
seriously affected by the presence of the stable, sl.wer 
moving boundary. 

If the results obtained in these experiments are of 
general validity, we may summarize them as follows: 

a) Thermal gradients and other perturbing influences 
such as vibration occurring during analytical ultracentri- 
fugation are apparently capable of disturbing but not 
completely disrupting the sedimenting boundaries of 
very dilute solutions. 

b) The convective transport of the dilute solute is 
not significantly affected by the presence of a stable, 
slower moving sedimenting boundary. 

c) It should therefore be feasible to eliminate in the 
following manner the possibility that a certain biological 
activity is carried by an impurity with a higher sedi- 
mentation constant than that of the CS. The CS 
boundary may be sedimented about 0.5 of the distance to 


* The large increase in the apparent diffusion rates of bac- 
teriophage particles in the concentration range from 10° to 
10° particles/ml, observed by Polson and Sheppard (5), may 
also be interpreted as due to an increased convective trans- 
port of the solute in more dilute solutions. 


Scrence, Vol. 112 


— 
th 
the 
te! 
3 th 
se 
of 
a th 
it 
th 
se 
1. 
2 
3 
4 
6 
7 
| | 
= 


the partition in the separation cell, and the contents of 
the top compartment analyzed for activity. These con- 
tents may then be diluted to a volume sufficient to re4ll 
the cell and the above experiment repeated. After 
several such cycles, if the ratio of activity to the amount 
of the CS left in the top compartment remains constant, 
then it may be concluded that no substance, whatever 
its concentration, sedimenting significantly faster than 
the CS, is active. 

Similar considerations should apply in electrophoresis 
separation-cell experiments. 
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Germaniferous Lignite from the District 
of Columbia and Vicinity* 


Taisia Stadnichenko, K. J. Murata, and J. M. Axelrod 
U. S. Geological Survey, Washington, D. C. 


A unique accumulation of germanium has recently 
been found in lignite remains of Cupressinozylon wardi 
Knowlton, 1889, from the Patuxent formation (Lower 
Cretaceous) in the District of Columbia and vicinity. 
The discovery was made in the course of spectrographic 
studies on concentrations of germanium, gallium, vana- 
dium, and other elements in ash of American coals. 

The highest content of germanium heretofore reported 
was in germanite from Tsumeb, Southwest Africa, and 
from the Belgian Congo; that mineral contained 6-10 
percent. The ash of C. wardi contains up to 6 percent 
and many of the samples contain 3-5 percent. The ash 
content of the samples (air-dry basis) is between 2 and 
9 pereent. The average content of germanium in the 
crust of the earth is estimated to be 1x 10~ percent. 
Consequently, in the ash of C. wardi the concentration is 
more than 10,000 times the average. 

The ashes of samples of C. wardi also contain vanadium 
(0.7%-5.0%), chromium (0.1%-0.8%), and gallium 
(0.03%-0.2% ). Some of the samples show a large con- 
centration of copper. Examination of the ash of Pleis- 
tocene wood in this area indicates contents of a few 
hundredths of 1 percent of germanium. 

The .C. wardi was identified by R. W. Brown of the 
U. S. Geological Survey. We are also indebted to 
Henry Mela, Jr., and F. S. Grimaldi of the Trace Ele- 
ments Section of the Survey for confirmatory chemical 
analyses for germanium. 


1 Published by the permission of the director, U. 8. Geo- 
logical Survey. 
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Rapid Carbon Dioxide Test for Sickling 


Harold A. Hanno and M. Price Margolies 


The Graduate Hospital, University of Pennsylvania, 
Philadelphia 


Sickle cell disease is a notorious mimic and deceiver. 
There is need for a method to demonstrate sickling which 
is rapid, dependable, and simple. Sickling tests in pres- 
ent use are not completely satisfactory. The sealed moist 
preparation method (5), the moist stasis test (9), and 
the oil-sealed tube technique (1) may not give positive 
results for many hours. The rapid bacteriologie method 
(11) requires caring for the perpetuation of the culture 
and does not lend itself to use in the physician’s office. 
Recently advocated methods involving the use of various 
reducing substances such as BAL (12), cysteine (12), 
hydrogen sulfide (12),.sodium dithionate (8), sodium 
hydrosulfite (4), cevalin (3), and sodium bisulfite and 
ascorbic acid (3) share the common disadvantage that 
these reducing agents are extremely unstable and must be 
freshly prepared. 

We wish, therefore, to describe a simple and rapid 
method, utilizing carbon dioxide, by which sickling ean 
be regularly demonstrated within 5 min from the time 
the blood sample is drawn. The test can be conveniently 
performed in the physician’s office. 

Five to 10 ml of venous blood is collected in an 
oxalated tube. The blood is transferred to a 250-ml 
Erlenmeyer flask, and a stream of pure carbon dioxide 
from a small, commercially available eylinder is directed 
into the neck of the flask for 10-15 see. The flask is 
then immediately stoppered, and the blood is gently 
swirled about several times. The blood darkens. After 
the flask has remained stoppered for 5 min, the cork is 
removed and a drop of blood is quickly transferred by 
means of a pipette to a clean cover glass. A vaseline- 
sealed preparation is immediately made on a slide, and 
the cells are viewed under high-dry magnification. Speed 
is essential in the transfer of the drop of blood from the 
flask and in making the vaseline-rimmed preparation. 
The presence of unequivocal sickling under high-dry 
magnification indicates a positive result. 

Twenty-seven Negro patients who showed delayed 
sickling after 1-57 hr on the routine sealed preparations 
(5, 9) all gave positive findings immediately with the 
earbon dioxide test. Ten Negro patients who showed 
no sickling on the standard sealed tests gave negative 
results with the carbon dioxide method; the negative 
findings in this latter group indicate that the procedure 
of the new test does not of itself cause sickling. 

The number of susceptible cells that sickled under the 
conditions of the carbon dioxide method varied some- 
what from case to case. In most instances it was esti- 
mated that a minimum of from 20% to 30% sickle cells 
was present, but in two of our positive cases lesser 
numbers were found. When present, sickling was always 
obvious and unequivocal. In all positive cases a con- 
spicuous number of erythrocytes that did not sickle 
showed distortion and angularity, which was never seen 
in the negative controls and which evidently represents a 
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presickle stage. Rouleaux formation was uniformly ab- 
sent in those cases showing sickling. 

It has been established that sickling of susceptible 
erythrocytes will take place only when the hemoglobin in 
the cells is in the reduced state (6, 7, 10), and the re 
duction of hemoglobin, however brought about, is the 
basis underlying all tests for sickling. In the commonly 
used sealed preparations (1, 5, 9), the metabolism of the 
nucleated blood cells slowly effects the reduction and 
produces sickling. In the bacteriological test (11) the 
high metabolism of the bacteria brings about more rapid 
reduction. The use of such agents as BAL, ascorbic 
acid, ete., depends upon their active reducing properties. 

Carbon dioxide, in the technique described, plays a 
dual role in bringing about hemoglobin reduction. The 
gas displaces a large part of the air in the flask, thus 
producing a relatively oxygen-poor environment. In 
addition, the acid effeet of the carbonic acid formed by 
the reaction of the gas with the blood decreases the 
affinity of the hemoglobin for oxygen (2). 

There is little doubt that partial reoxygenation occurs 
during the transfer of the drop of blood from the flask to 
the slide. The percentage of cells that are sickled in the 
final preparation is, therefore, probably less than in the 
‘*flask blood’’ before transfer. It is, of course, possible 
to prevent this change by fixation of the cells in the 
flask by the addition of a saline formalin solution before 
taking a drop of blood for the preparation of the slide. 
This refinement was not felt to be needed in this test, 
however, because sickling is easily demonstrated without 
this step and because a qualitative rather than a quanti- 
tative result is all that is necessary. 

The rapidity with which sickling can be demonstrated 
with the carbon dioxide test makes this method of great 
use in establishing an immediate diagnosis of sickle cell 
disease or in ruling it out, particularly in emergency ‘situ- 
ations. A negative reaction conclusively eliminates the 
possibility of sickle cell disease, whereas a positive re- 
action indicates that sickle cell disease is to be considered 
in the differential diagnosis. The simplicity of the test 
makes the procedure routinely practicable. 

The dependability of the test is demonstrated by the 
absence of false positive and false negative reactions in 
the series of cases studied. 
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To What Extent Is Oxygen Uptake of the 
Intact Embryo Related to That of 
Its Homogenate?* 


Joseph Hall Bodine 


Zoological Laboratories, State University of lowa, 
Iowa City 


Recently, much attention has been given to analyses 
of the functions of constituent parts of living tissues, 
using homogenate and centrifuge techniques. That mi- 
nute parts of cells can be isolated and concentrated 
rather easily was demonstrated clearly by Bensley and 
Hoerr (1). Further improvements in techniques and 
especially the use of high speed centrifugation have 
made possible detailed quantitative studies on the com- 
position and functions of constituent parts of the living 
cell (3-5). Most of these investigations, however, have 
dealt largely with vertebrate tissues, and few if any 
seem to have been concerned with intact organisms and 
their homogenates. Considerable data are now available 
on the developmental history of the embryo of the grass 
hopper Melanoplus differentialis. It seemed of interest, 
therefore, to use such invertebrate material in further 
studying functions of cell constituents by homogenate 
and centrifuge techniques (2). Many features of this 
material make it especially desirable for such work. The 
embryos, free from yolk and in all stages of development, 
are easily obtained in large numbers (2). The egg is of 
a cleidoic type and hence is quite independent of the 
external environment for its food supply; it develops 
quite readily at room temperatures (25°C). Individual 
embryos, as well as morphologically and physiologically 
similar ones, are readily obtained, and from them ho- 
mogenates are easily made. During the course of its de- 
velopment at 25°C, the embryo goes into a mitotically 
blocked or diapause state in which metabolic and other 
cellular activities reach a true basal rate (2). After 
removal of this developmental block, mitosis and other 
cellular activities are again resumed. A study has been 
made of the oxygen uptake of embryos, both intact and 
homogenized, and the results show rather striking prop- 
erties of this material, as well as some differences from 
vertebrate tissues similarly treated. 

Embryos of known age and temperature history were 
dissected free of yolk, as previously pointed out (2). A 
phosphate buffered Ringer’s solution (pH 6.8) was used 
as suspension medium. Oxygen determinations were car- 
ried out at 25° C in Warburg manometers, using respira- 
tion flasks of 5-ml capacity. Intact embryos (100), as 
well as homogenates made from others of the same 
group, were run simultaneously. A glass type of homo- 
genizer, as described by Potter and Elvehjem (6), and 
powered by an electric motor, was employed. 

1 Aided by a grant from the National Institutes of Health. 
Acknowledgment is gratefully made to K. H. Lu and Etta 


Andrews for technical assistance in carrying out these ex- 
periments. 
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Fic. 1. Oxygen uptake of active and blocked intact em- 
bryos and homogenates; ordinates, mm* 0,/100 embryos or 
equivalent ; abscissas, time in min. Solid circles represent 
active embryos; open circles, blocked embryos; solid lines, 
intact embryos ; broken lines, homogenates. 


Results from many experiments seem similar, and in 
Fig. 1 are shown graphically typical curves for morpho- 
logically similar embryos and homogenates made from 
them. During diapause or block, oxygen uptake is al- 
ways much lower than for active, nonblocked embryos. 
As a matter of fact, one judges the degree of block by 
the extent to which oxygen uptake is lowered in compari- 
son with that of actively developing embryos. An inspec- 
tion of Fig. 1 shows that oxygen uptake of intact em- 
bryos is always higher than that of the homogenates 
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Fic. 2. Effect of dilution on oxygen uptake rate of ho- 
mogenates, using original concentration (100 embryos/ml) as 


100% ; ordinates, % of normal oxygen uptake rate ; abscissas, 
dilution of original homogenate. 
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made from them. Oxygen uptake of homogenates for 
blocked embryos is correspondingly lower than that for 
homogenates of the active ones. The relative difference 
in oxygen uptake of embryos and homogenates, both for 
the active and blocked conditions, is surprisingly con- 
stant and has been found consistent in all experiments 
thus far carried out. Approximately 65% of the total 
respiration in both active and blocked cells is due to 
what one might term ‘‘ physical structure or intactness,’’ 
whereas approximately 35% is due to the basie chemical 
components of the system. A striking point is that a 
more or less linear relation between oxygen uptake and 
time for both intaet embryos and homogenates is found 
(see Fig. 1). Dilution of the homogenates up to twenty 
times gives a straight line over a 2-hr period, showing 
that oxygen uptake is proportional to cellular econcentra- 
tion (Fig. 2). 

Inasmuch as homogenates of active and blocked em- 
bryos show characteristic oxygen uptake, such systems 
when further analyzed should show physicochemical dif- 
ferences in the two physiological states of the cell. Fur- 
ther data on these points will be presented elsewhere. 
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Effect of Zinc Deficiency on the Synthesis 
of Tryptophan by Neurospora Extracts* 


Alvin Nason 


The McCollum-Pratt Institute, 
The Jobns Hopkins University, Baltimore, Maryland 


It has been reported that zine is required directly for 
the synthesis of tryptophan and indirectly for the syn- 
thesis of auxins in tomato plants (2, 5). It has also 
been demonstrated that tryptophan can be synthesized 
from indole and serine by wild-type Neurospora (4), as 
well as by cell-free extracts of the same organism (6). 
The present study with Neurospora indicates that cell- 
free extracts of zine-deficient mycelia affect unfavorably 
the formation of tryptophan from indole and serine. 

Cell-free enzyme extracts were prepared from the mats 
of Neurospora crassa (5297A) grown for 5 days in Fries 
basal medium, and from those grown on the same medium 
lacking zine. The growth of the latter was 4-4 that of 
the controls. The mycelial mats were washed with triple- 
distilled water, frozen, homogenized in three times their 
weight of 0.1M phosphate buffer at pH 7.5 and ecentri- 
fuged. Five-tenths ml of the supernatant (10 mg dry 


1 Contribution No. 2 of The McCollum-Pratt Institute. 
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weight, corrected for buffer) was made up to 1.0 ml with 
additions of 102 wg indole (0.87 micromoles) and 2 mg DL- 
serine, and incubated at 37° C. Good agreement was ob- 
tained between indole disappearance and tryptophan 
formation utilizing Ehrlich’s reagent essentially as de- 
scribed (3, 7). 

The considerably lessened activity of the zine-deficient 
enzyme preparations could not be obtained with separate 
deficiencies of iron or manganese (Table 1). Lack of in- 


TABLE 1 


TRYPTOPHAN SYNTHESIS FROM INDOLE AND SERINE BX CELL- 
FREE ENZYME EXTkACTS FROM 5-DAY-OLD Newvrospora crassa 
GROWN ON CONTROL MEDIA AND MICRONUTRIENT 
ELEMENT-DEFICIENT MEDIA 


Indole Indole Indole 
free 
extract after 1 lr after 2 hr after 3 hr 
micromoles x 102 micromoles x 10? micromoles x 10? 
Control 
mats 
Exp. 1 43 44 83 82 83 83 
= 39 49 84 92 91 88 
51 53 88 79 
*. all 40 40 81 79 90 83 
(3-day-old 
mats) 
Average 43 47 84 83 88 85 
Zine-de- 
ficient 
mats 
Bxp. 1 3 8 8 10 1 19 
ae 6 10 16 19 22 24 
0 5 0 2 
ae. 19 16 34 27 82 35 
(3-day-old 
mats) 
Average 7 10 15 15 24 26 
Iron-de- 
ficient 
mats 31 35 65 66 84 94 
Manga- 
nese-de- 
ficient 
mats 32 28 76 76 85 82 


hibitory effects resulting from intermixing experiments 
employing zine-deficient and contro] extracts ruled out 
the possibility of the presence of an inhibitor in the 
zine-deficient preparations. The addition of Zn** (rang- 
ing from 2x10°m to 5x10 in final concentrations) 
to the cell-free extracts of zine-deficient mat>rial failed 
to restore enzyme activity. At concentrations of 
2x10*m and 10°M, Zn** actually caused a 66% and a 
97% inhibition, respectively, in the controls. Exposure 
of zinc-deficient mats under sterile conditions to Zn** at 
a level of 2 yg/ml (as in Fries basal medium) in a 
nitrogen-free medium did not enhance enzyme activity 
after 53 hr. Pyridoxal phosphate,’ which has been shown 
to be active in this particular enzyme system (6), only 
slightly improved the synthesizing power of the zine-de- 
ficient extract. Separate additions of Cutt, Mg*t, Mn**, 
and acid-hydrolyzed casein to the zine-deficien! extracts 
* Kindly supplied by I. C. Gunsalus. 
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failed to restore enzyme activity. Cu** was inhibitory to 
the control extracts at low concentrations, and Mg* 
showed toxicity at higher values. Cysteine was ineffee- 
tive in reactivating the zine-deficient preparations and, 
at a final concentration of 3x 10M, caused a 59% in- 
hibition in the activity of the control preparations. The 
metal binding agents, 8-hydroxy quinoline and ethylene- 
diamine tetraacetic acid, proved to be ineffective in the 
control extracts as inhibitors except at high concentra- 
tions (0.3% and 2%, respectively). Potassium cyanide 
at final concentrations of and caused a 46% 
and a 92% inhibition, respectively, in the control prepa- 
rations. Potassium thiocyanate gave 83% inhibition at 
107M. 

It would appear from these data that a relationship 
exists between zine and the enzyme which converts indole 
and serine to tryptophan. It remains to be determined 
whether zine is an actual constituent of the tryptophan- 
forming enzyme or whether it is concerned, directly or 
indirectly, in the synthesis of one or more constituents 
of the enzyme system. 

Recent experiments in this laboratory also indicate 
that zine deficiency leads to alterations in the activity 
(either increase or decrease) of certain enzymes, whereas 
other enzymes are not affected (1). 
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Vitamin P Protection against Radiation’ 


Boris Sokoloff, James B. Redd, and Raymond Dutcher” 


Southern Bio-Research Laboratory, Florida Southern 
College, Lakeland 


Griffith et al. were the first to demonstrate the pro- 
tective action of flavonoids in radiation injury (2). Clark 
and associates found that ‘‘a flavonoid preparation de- 
rived from lemons, administered in the drinking water to 
guinea pigs, reduces the mortality from total-body 
roentgen irradiation by about half’’ (1). Field and 
Rekers conducted an extensive investigation on the pro- 
tective action of vitamin P factors, using dogs. Mortality 
after radiation was reduced to 10%-17% (with a sig- 
nificant reduction in the hemorrhagic diathesis) as 
against 60% mortality in the control animals. The 
investigators concluded ‘‘that previous misunderstanding 
of the nature of vitamin P has arisen from both the 
failure to recognize that several flavonone analogues pos- 

1 Condensation of paper presented at the annual meeting 
of the Florida Academy of Sciences, December 3, 1949, at 


Stetson University. 
2 Carll Tucker Fellow. 
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TABLE 1 


CONTROL Grovur oF 20 IRRADIATED Rats* 


No. of days 
of survival 11 
No. of rats 

that succumbed 


12 13 14 15 16 17 18 19 20 21 22 23 


1 2 


2180821000 1 


TABLE 3 


IRRADIATED RATS GIVEN 150 MG OF VITAMIN P 


No. of days 
of survival 18 19 20 421 32 23 2 @& 
No. of rats 
that succumbed 1 0 0 0 0 0 0 1 


* These rats did not receive vitamin P. 


sess very similar antihemorrhagie activity and that 
ascorbic acid has the capacity to potentiate activity in 
other fiavonones’’ (3, 4). 

In our investigation, 50 rats of British brown breed 
(obtained from Francis Carter Wood of St. Lukes Hos- 
pital, New York City) were submitted to x-ray irradi- 
ation. One group of 20 rats served as control, and a 
seeond group of rats was given vitamin P compound 
(CVP compound) isolated from citrus waste.* The aver- 
age weight of the rats was 180 g, ranging from 160 to 
205 g. The rats were kept on regular Purina Rat Ration. 
The radiation factors were 250 kv, 15 ma, with 0.5-mm Cu 
and 3.0-mm Bakelite filters. Target distance was 27.5 
em, and 210 r/min was the dose rate. AM rats received 
800 r total-body radiation in a single exposure. 

Sixteen rats of the control group (80%) succumbed 
during the second and third weeks after the exposure 
(Table 1). All of them manifested gross hemorrhages 
of various gravity and pronounced pathological lesions 
in the adrenal glands. The zona fasciculata and zona 
reticularis were particularly affected, with argentaffin 
fibrils showing signs of degeneration. Four rats (20%) 
survived in spite of numerous petechial hemorrhages and 
generalized purpura. 


TABLE 2 


IRRADIATED RATS GIveEN 40 MG OF VITAMIN P 


No. of days 
of survival 18 19 20 21 22 23 24 
No. of rats 


that succumbed 1 0 0 1 1 1 


The treated animals were divided into two groups. 
Ten rats received orally 4 mg of vitamin P compound 
per day for 10 days, 3 days prior to radiation and 7 days 
after radiation. Twenty rats received 5 mg of vitamin 
P per day for 30 days, 7 days prior to radiation and 23 
days after radiation. 

In the group of animals (Table 2) which received a 
total amount of 40 mg of vitamin P compound, the 
mortality from irradiation was reduced to 40%. More- 
over, those rats which did not succumb to the injurious 
effect of radiation lived longer. The petechial hemor- 
rhages in the treated animals were considerably less 
pronounced, but some pathological changes in the adrenal 
cortex were observed, mostly in the zona reticularis 
(vacuoligation). 

In the group given a total of 150 mg of vitamin P 
compound in a period of 30 days, mortality from irridia- 

*This compound, containing four identified factors natu- 


rally present in citrus fruit, was obtained from Vitamerican 
Company, Paterson, New Jersey. 
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tion was reduced to 10% (Table 3). In this group, 
petechial hemorrhages were very slight and in some rats 
apparently absent. 

From these observations it appears that the vitamin P 
compound, which contains four flavonoids naturally pre- 
sent in citrus fruit, gives considerable protection to rats 
against a total-body, near-lethal dose of radiation. 

In our previous publication (45), we stressed the im- 
portance of making a clear distinction between inercased 
capillary permeability and eapillary fragility. In radia- 
tion injury, there seems to be present a pronounced in- 
crease in capillary fragility which might be prevented by 
large doses of flavonoids naturally present in citrus fruit. 
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Likelihood of Photorespiration or 
Light-inhibited Respiration in 
Green Plants’ 


Edwin A. Davis* 


Osborn Botanical Laboratory, Yale University, 
New Haven, Connecticut 


Generally speaking, there are two ways in which light 
could stimulate respiration: cither directly by photo- 
sensitization or indirectly through photosynthesis, thereby 
increasing the amount of respirable metabolites. It is 
the direct effect of light on respiration (photorespira- 
tion), commencing upon exposure to light and stopping 
immediately upon the return to darkness, that has been 
a source of disturbance to these interested in measuring 
photosynthesis, as such a process escapes measurement. 
Whenever light has been reported to stimulate respira- 
tion, the stimulation has been of the persistent or in- 
direct type and could be explained either on the basis 
of an accumulation of photosynthates, or on the basis of 
light absorption by the carotenoids, in which ease respira- 
tion has been found to increase slowly in the light and 
persist for a short time in the dark. The possibility also 

1This experiment was part of a dissertation presented in 
1949 in partial fulfillment of the degree of Doctor of Philoso- 
phy in Yale University. 


*Present address: Carnegie Institution of Washington, 
Division of Plant Biology, Stanford, California. 
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exists that light inhibits respiration. It would follow that 
photosynthetic determinations above and also below the 
compensation point, where oxygen evolution is measured 
as a decrease in respiration, would become of doubtful 
significance. 

MeAlister (8) coneluded from his experiments with 
wheat seedlings that light does not have a direct effect 
on respiration, since the rate of respiration after a period 
of illumination was equal to that before illumination and 
was independent of light intensity. Gaffron (6) arrived 
at a similar conclusion from :an experiment in which 
eyanide inhibited the respiration of Scenedesmus by ap- 
proximately 96% but had no effect on the calculated 
‘*true photosynthesis.’’ Such a result can also be in- 
terpreted on the basis that cyanide does not affect photo- 
respiration. The fact that Emerson and Lewis (4) did 
not find an effect of temperature on the caleulated quan- 
tum yield also suggests that light does not have a direct 
effect on respiration. More recently, Burk et al. (2) and 
Warburg et al. (10) came to a similar conelusion. Kok 
(7) concluded, from experiments in which oxygen evolu- 
tion was measured in the dark and in light of inereas- 
ing intensity, that respiration is inhibited at high light 
intensities. 

All such experiments, however, are of an indirect na- 
ture and have, therefore, the limitations inherent in indi- 
rect experimentation. Although results obtained thereby 
are frequently correct, they should, if at all possible, be 
tested with a direct method. Heretofore, the separation 
of photosynthesis from respiration in light was only 
possible by the use of poisons, which in many instances 
are undesirable because of their known or unknown 
effects on processes other than those to be specifically 
inhibited. A technique is now available by which these 
difficulties can be eliminated. In artificially induced 
mutant strains which are unable to photosynthesize or 
evolve oxygen in light, but yet are green, respire, and 
grow when supplied with a suitable carbon source, photo- 
synthesis is completely divorced from respiration, and the 
problem of whether or not light directly affects respira- 
tion is rendered amenable to direct experimentation. 
Such mutant strains of Chlorella have been obtained as 
the result of ultraviolet irradiation and have been the 
object of photosynthetic studies (3). Strains 322 and 
349 which possess these characteristics afforded an ex- 
cellent opportunity for the study of the influence of 
light on respiration. If a process such as photorespira- 
tion, or light-inhibited respiration, exists, it would be 
extremely likely that it could be demonstrated by deter- 
mining the respiration rates of these strains in the light 
and in the dark. 

Oxygen-uptake measurements were made with the cells 
suspended in 0.1M Emerson and Lewis carbonate bi- 
earbonate buffer solution (5), as these experiments 
were performed in conjunction with oxygen liberation 
studies. The cells were grown on solid stock medium 
slants which contained the following, per liter of nu- 
trient solution: KNO,, 1.21 g; MgSO,, 1.20 g; KH,PO,, 
1.22 g; 1,000 x Pratt’s iron solution (9), 1 ml; Arnon’s 
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A4 trace element solution (1), 1 ml; tryptone, 4.5 g; 
dextrose, 10 g; yeast extract, 0.36 g; agar, 10 g; dis- 
tilled water, to make 1 liter. Cultures were grown under 
continuous light for 11 days, after which the cells were 
harvested, washed in distilled water, and suspended in 
0.1M carbonate bicarbonate buffer solution. Two-milli- 
liter portions of the suspensions were added to the main 
chambers of Warburg reaction vessels. The vessels were 
attached to manometers, immersed in a constant tem- 
perature water bath (27° C), and shaken. After 15 
min for equilibration, readings were taken during 30-min 
light periods and 30-min dark periods. The light in- 
tensity at the level of the vessels was about 500 ft-c. 
Wet-packed cell volumes were determined from aliquots 
of the suspensions, 


TABLE 1 


RESPIRATION RATES OF MUTANT STRAINS OF Chlorella 1s 
LIGHT AND IN THE DARK 


Qo, 
(cu mm of Os/hr/cu mm 
Strain of cells) 
In dark In light 
No. 322 1.64 
- 1.76 1.70 
-1.70 - 1.39 
- 1.52 1,20 
1.64 1.26 
- 1.26 0.95 
- 2.13 1.78 
- 1.79 0.98 
1.90 1.84 
1.33 1.44 
Average = — 1.67 Average = — 1.45 
No. 349 3.98 3.85 
- 3.79 ~ 4.05 
3.66 8.92 
8.34 3.34 
- 3.39 8.51 
- 3.62 3.34 
3.45 3.63 
- 3.82 4.01 
3.95 3.95 


Average = — 3.67 Average =~ 3.73 


Respiration rates (cu mm of oxygen taken up per hr 
per cu mm of cells), caleulated from the amounts of 
oxygen taken up during the 30-min light and dark 
periods, were determined for several cultures of each 
strain. The results indicate that light had no effect on 
the respiration of strains 322 and 349, as their respira- 
tion rates were approximately equal in the light and in 
the dark (Table 1). It is noted that positive pressure 
changes were not observed upon exposing these strains 
to light, as is normal and as is found for the parental 
type. The argument could be presented that the gene 
mutations which resulted in the inability of these strains 
to photosynthesize also resulted in their inability to 
carry on photorespiration. This is unlikely, however, as 
there is considerable evidence that indicates they are 
blocked in different reactions, and neither exhibited a 
significant inerease in respiration in the light. 
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This experiment presented an excellent chance for 
photorespiration to be exhibited if it existed. However, 
it was not observed. Also, since the rates of respiration 
were approximately the same in the light and in the 
dark, it is extremely unlikely that light inhibits respira- 
tion. It seems certain, therefore, that light does not 
have a direct effeet on respiration. 
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Enzymic Conversion of Maltose into 
Unfermentable Carbohydrate 


S. C. Pan, A. A. Andreasen, and Paul Kolachov 
Joseph E. Seagram & Sons, Inc., Louisville, Kentucky 


Pigman (6) and Stark (9) reported that amylase 
preparations from molds, pancreas, and saliva are ¢a- 
pable of synthesizing unfermentable carbohydrate or ear- 
bohydrates from maltose. However, the work of these 
authors is incomplete, since they did not separate or 
characterize the synthesized product. 

While studying the enzymic hydrolysis of starch in 
distillery corn mash, by the use of submerged fungal 
cultures, we found that the secondary conversion of dex- 
trins' into fermentable sugars was markedly inhibited by 
maltose.2 The question was therefore raised as to 
whether the observed reduction in the rate of dextrin 
hydrolysis was actually a result of maltose inhibition or 
of the conversion of maltose into unfermentable carbo- 
hydrate. Conclusive data have since been obtained to 
show that such an enzymic conversion actually occurs. 

The submerged fungal culture was prepared with 
Aspergillus niger NRRL 337 in a distillers’ dried sol- 
ubles-corn meal medium (7). One volume of the culture 
filtrate was mixed with two volumes of a 2.2% maltose" 
solution in 0.3 M acetate buffer (pH 4.4) and incubated 
at 30°C. Samples were taken periodically and analyzed 
for glucose, maltose, and unfermentable carbohydrate 
(dextrins) according to the tripartite method‘ of Stark 
and Somogyi (10). The data given in Fig. 1 show that, 

1 Like barley malt, the fungal culture enzymes hydrolyze 
starch primarily into fermentable sugars and dextrins. 

2A report including this finding has been prepared for 
publication. 

%Maltose (cp Fisher) recrystallized in the laboratory. 

‘Carbohydrate contents of samples either before or after 
treatment with baker's yeast were all determined as glucose 


by Somogyi’s method (8) after complete acid hydrolysis in 
0.69 N IICI solution for 2.5 hr in boiling water. 
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while a part of the maltose was hydrolyzed to glucose 
through maitase activity, another part was simultane- 
ously converted into unfermentable carbohydrate. The 
presence of unfermentable material at zero hour was 


ascribed to dextrins contained in the fungal culture and 
in the maltose. During the reaction period the amount 
of unfermentable substance inereased considerably, 
reaching a maximum at 8 hr, when 17.6% of the original 
maltose had been converted to unfermentable earbohy- 
drate. A decrease in unfermentable material was ob 
served after the maltose had been completely utilized 
(10-12 hr). The amount remaining accounted for only 
10.2% of the maltose at the end of 24 hr. It is therefore 
concluded that the fungal culture must contain some en- 
zyme or enzymes which catalyze the conversion of mal- 
tose into unfermentable carbohydrate. In the absence 
of maltose, this carbohydrate can be converted into glu- 
cose. 

A similar experiment, in which glucose was used in 
place of maltose, showed no formation of unfermentable 
substance; the amount of glucose remained unchanged 
during the 24-hr reaction period. Apparently the en- 
zyme or enzymes were inactive toward glucose. 


4. 
\ 
24 
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Fic. 1. Action of fungal enzymes upon maltose. 


As a further confirmation of the formation of unfer- 
mentable substances, a similar experiment was conducted 
using a 10% maltose solution. Instead of using buffer, 
the filtrate of fungal eulture was adjusted to pH 4.4 
before mixing with the maltose solution. Ammonium 
sulfate, at a concentration of 1.5 g/l, was added as 
nutrient for subsequent yeast fermentation. After the 
fungal enzymes had been in contact with the maltose for 
24 hr at 30° C, the mixture was sterilized and inoculated 
with an actively growing culture of distiller’s yeast 
which had been grown in a yeast extract-glucose medium. 
At the end of fermentation (3 days), the medium was 
found to contain 40.7 mg of unfermentable carbohydrate 
per ml, equivalent to 41.5% of the maltose used (Table 
1). The same table shows that the reaction mixture, 
which was sterilized immediately after mixing the mal- 
tose solution and the filtrate of the fungal culture, con- 
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tained no such product; neither did one in which glucose 
was used in place of maltose. 


TABLE 1 


ENZYMIC CONVERSION OF MALTOSE TO UNFERMENTABLE 
CARBOHYDRATES 


Unfermentable 


Glucose used Maltose used Reaction carbohydrates 


in reaction _—_in reaction period after yeast 
mixture mixture total fermentation 
mg/ml mg/ml hr mg/ml 
97.0 eee 0 2.72 
97.0 owe 24 3.04 
98.1 0 3.38 


98.1 24 40.7 


In order to obtain data on ‘the’ nature of the unfer- 
mentable carbohydrate, it was separated from the fer- 
mented medium by the following procedure. Extraneous 
material was removed from the fermented medium by 
precipitation with barium hydroxide, followed by am- 
monium carbonate. The filtrate was evaporated to dry- 
ness on a steanr bath, and the residue taken up in a s:nall 
amount of water. The add:tion of methanol resulted in 
a precipitate which had a carbohydrate content equivalent 
to 5% of the total carbohydrate in the original fermented 
medium. Acetone, added to the methanol solution, pro- 
duced a brown, syrupy precipitate. This precipitate, 
after washing with acetone and drying under vacuum, 
analyzed 88.5% carbohydrate (us glucose, after acid 


TABLE 2 


REDUCING POWERS OF THE UNFERMENTABLE CARBOHYDRATES 


Ratio of direct re- 

ducing power to to- 

tal reducing power 
after acid 


Glucose content 
ealenlated from 
direct reducing 


hydrolysis 
L © 
Ss 
Samples £2 
§ 
= Zz 
ces BSE = 
(A) (B) (Cc) = 
% % % 
Original 
fermented 
Crude 
product 88.5 35.4 36.3 1:2.49 1:2.43 
Purified 
product 92.8 38.9 33.5 1:288 1:2.76 ° 
Maltose 
mono 
hydrate 99.5 55.7 48.7 1:1.78 1:2.04 


* Determined from reducing power toward Somogyi'’s Cu- 
tartrate-phosphate reagent. 

+ By the method of Caldwell ct al. (2), which was found 
to be less sensitive toward impurities contained in the fungal 
culture than the original method of Willstiitter and Schudel 
(Green [3]). 
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hydrolysis), equivalent to 74.8% of the unfermentable 
earbohydrates in the original fermented medium. This 
was considered the crude product of the unfermentable 
carbohydrate produced enzymatically from maltose. 

The crude product was purified further after dissolving 
in water to make a 4% solution. This solution was al- 
ternately treated with ion-exchange resins Amberlite 
IR-100 and IR-4B, and the resulting solution was then 
completely decolorized with Dareo activated carbon. The 
solution was then evaporated to a thick syrup. Traces 
of insoluble solids were removed from the syrup by cen- 
trifugation. The addition of five volumes of methanol 
to the syrup produced a small quantity of precipitate 
with a carbohydrate content equivalent to 4% of the 
total amount present. The methanol solution was poured 
into ten times that volume of acetone, and a white, curdy 


TABLE 3 


RECONVERSION OF UNFERMENTABLE CARRBOTIYPRATES TO 
FERMENTABLE SUGARS BY FUNGAL ENZYMES 


Unfermentable 


Carbohy- Yeast carbohydrates 
culture earbohy- 
drate inoculum after 3-day 
substrate added % (by vol) mafel incubation 
mg/ml 
C ude 
product . 10 20.5 4.0 
C. ude 
product + 0 22.0 21.4 
Purified 
product + 10 19.2 3.2 
Purified 
product + 0 10.2 10.1 


precipitate was obtained. This precipitate was filtered 
with suction, dried overnight at 56°C under 28-29 in. 
Hg vacuum, and kept in a desiccator. The dried prod- 
uct was highly hygroscopic and analyzed 92.8% carbo- 
hydrate. A total of 4.5 g of this product was obtained 
from 9.5 g of the crude product. 

Reducing powers (calculated as glucose), determined 
before and after acid hydrolysis of the unfermentable 
carbohydrate, are listed in Table 2. For comparison, 
the reducing powers of the recrystallized maltose mono- 
hydrate are also given. The last two columns give the 
ratios of these reducing powers—an indication of the 
number of «glucose units per molecule or chain length 
(4). The values in these eclumns show that the unfer- 
mentable carbohydrate must have an average molecular 
size somewhat greater than maltose, but less than three 
glucose units per molecule. 

Fermentability of the crude as well as the purified 
product. was tested by inoculating media containing these 
two products (plus 1.5% yeast extract) with distiller’s 
yeast. Little or no yeast growth and no diminution of 
the carbohydrate content were observed after 3 days’ 
ineubation at 30°C. When 10% (by volume) of sub- 
merged fungal culture and yeast was added to these 
media, fermentation (gas evolution) took place and the 
carbohydrate disappeared. These data, which are sum- 
marized in Table 3, show that the product can be recon- 
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verted into fermentable sugars if they are continuously 
removed by yeast fermentation. 

The data reported here confirm the report by Pigman 
(6) that a mold enzyme or enzymes can convert maltose 
to some unfermentable carbohydrate or carbohydrates. 
The possible occurrence of such enzyme or enzymes in 
amylolytic preparations undoubtedly explains the ap- 
parent inhibition of amylase activity by maltose as re- 
ported by Schwimmer (7), and the reversibility of en- 
zymie hydrolysis of dextrins as observed by Stark (9). 
The small molecular size of this unfermentable carbohy- 
drate suggests that it might consist partly or entirely of 
isomaltose (6-[a-D-gluecopyranosy]]-D-glucose), which has 
been isolated by Montgomery et al. (5) as one of the 
end products of prolonged starch hydrolysis by taka- 
amylase, although these authors obtained no isomaltose 
from maltose. Studies to elucidate the chemical nature 
of the product, as well as details of the enzymic reaction, 
are in progress. 
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Activation of Arginase in Vitro by 
Mouse Carcass Extract and the Cobalt Ion 


O. B. Wiswell 


Section of Anatomy, College of Dentistry, 
University of California, San Francisco 


While pursuing another phase of work on the enzyme 
arginase, it was observed that there might be a sex- 
linked difference in tissue activity in addition to general 
tissue variables observed by Greenstein (1). Further, 
it appeared possible that a sex-linked difference could 
be due to the presence in tissue of an activator other 
than cobalt. 

In this study, the arginase activity was determined 
according to the method of Mohamed and Greenberg 
(3), using cobalt as metal activator, at a temperature 
of 40° C, for a period of 30 min. All values are the 
result of triplicate determinations. As seen in Table 1, 
the average value for 9 standard preparations of young 
female bovine livers, with cobalt as the activator, amounts 
to 377 arginase units; the average of 6 young castrated 
male bovine livers (cobalt-activated) amounts to 242 
arginase units. 
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TABLE 1 
Avg argi- Percentage 
Type of a — of nase units* original 
preparation activator (1) (42) unitst 
Young 
bovine liver Cot 377 100 
extract 193 51 
9 extract 168 45 
none 35 9 
Young castrated 
¢ bovine liver Corr 242 100 
¢ exract 176 73 
2 extract 113 47 
none 35 14 


* Per unit of standard preparation. 
and 6 ¢ 


Nine 9 bovine livers 
bovine livers were used to obtain these averages. 

7 Ratios for both enzyme preparations with respect to 
each type of activator. 


It appeared possible that the difference noted might be 
sex-linked. To test this possibility, arginase activity 
was determined on each of the skinned and eviscerated 
eareasses of 20 female and 20 male Swiss strain mice. 
Approximately 1 g of each mouse careass was ground in 
a Waring Blendor with 2.5 ml of pH 7.0 phosphate 
buffer. In Table 2 there is observed approximately a 
fourfold difference between male and female mouse car- 
easses in arginase activity when cobalt is used as an ae- 
tivator. In the absenee of cobalt there is practically 
no activity and no difference between male and female 
mouse careasses. 

In Table 1 it can be seen that a mixture of mouse 
careass extract (male or female) and bovine liver ar- 
ginase, in the absence of added cobalt, shows a value 
many times higher than either tissue preparation alone. 
A substance or substances in one of the tissue prepara- 
tions (liver or ecareass) serve as an activator for the 
enzyme in the other preparation. Sinee the standard 
liver preparations represent a partially purified solution 


TABLE 2 

Avg* argi- 

Type of enzyme Type of wesiticsood 

preparation activetor 

mouse car- 
cass (+2) 

Mouse extract Co** 330 

2 Mouse extract Cor*+ 90 

¢o Mouse extract none 11 

9 Mouse extract none 12 


* Average computed from determinations made on 20 ¢ 
and 20 9 Swiss-strain mice. 


of the enzyme, it seems reasonable, for the present, to 
attribute the role of activator to the unpurified careass 
preparations. Why such a careass activator does not 
activate the carcass arginase cannot be stated at this 
time. 

It seems probable that there is present in tissue an 
activator (or deactivator of an inhibitor) of arginase 
that may control the rate or degree of activation in vivo. 
Perhaps such an activator may play a role in the control 
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of arginase activity in malignant tissue (2); possibly 
this activator is sex-linked. 
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Further Study of the Role of Hyaluronidase 
in the Fertilization of Rabbit Ova in Vivo* 


M. C. Chang 


The Worcester Foundation for Experimental Biology, 
Shrewsbury, and Department of Physiology, 
Tufts College Medical School, Boston 


In a previous experiment (4), superovulated doe rab- 
bits were inseminated with 0.5 ml of a sperm suspension 
(1: 1,000 in 0.9% NaCl) added to 0.5 ml of 0.9% NaCl 
containing partially purified testis hyaluronidase.  A\l- 
though the number of fertilized ova was not increased by 
the addition of hyaluronidase, it was thought that the 
dilution effect (3, 6) may have reduced fertilizing ecapae- 
ity and that the partially purified hyaluronidase may 
have contained inhibitory impurities. Since hyaluroni- 
dase is thought to be of therapeutic value in oligospermia 
in human infertility (8), a further test of a possible 


Seminal plasma has been demonstrated to be beneficial 
to the fertilizing capacity (4, 5) and to the motility (6 
of spermatozoa in the highly diluted form. Therefore, 
0.003-0.01 ml of rabbit semen was suspended in a fluid 
containing 1 ml of vasectomized seminal plasma (which 
itself has no hyaluronidase activity) and 9 ml of Frue- 
tose Ringer’s solution (5). In one group of animals, 
1 mg of highly purified testis hyaluronidase? in 0.5 ml of 
Fructose Ringer’s solution was placed into the upper 
part of the vagina. The animals were then inseminated 
with 1 ml of the sperm suspension. In the second group, 
rabbits were inseminated with 1 ml of the sperm suspen- 
sion containing 1 mg of purified hyaluronidase. In a 
third group, the animals were inseminated with 1 ml of 
the same sperm suspension containing 1 mg of lyophil- 
ized, vasectomized rabbit seminal plasma. The number 
of spermatozoa in the sperm suspension was estimated 
with a hemocytometer. The animals were injected in- 
travenously with sheep pituitary extract just after in- 
semination in order to induce ovulation. They were 
sacrificed 25 or 72 hr later. The ova were recovered by 
flushing the tubes, and fertilized as well as unfertilized 
ova were counted. 

Results are presented in Table 1. The average per- 
centage of fertilized ova is 50 and 59 in the experimental 
groups, and 46 in the control group. The percentage 
of total fertilized ova is 42 and 55 in the experimental 
groups, and 39 in the control group. There is no sig- 
nificant difference between each group, either calculated 
according to the y? test or according to the t test. It is 


TABLE 1 


EFFect OF PURIFIED TESTIS HYALURONIDASE ON FERTILIZATION in Vivo 


No, of ova* 


Experiment No. of sperm % 
No. inseminated fertilized 


Fertilized Total 


Fertilized Total 


No. of ovat No. of ovat 
fertilized fertilized 


Fertilized Total 


1 250,000 8 34 24 
2 210,000 7 15 47 
3 150,000 24 27 89 
4 50,000 8 12 67 
5 80,000 2 10 20 
6 95,000 1 58 2 
7 300,000 27 27 100 
Avg. % fertilized ova per doe 50 
Total ova in each group 77 183 42 


22 26 85 9 82 28 

10 10 100 21 22 96 
8 28 29 

7 10 70 15 17 88 

38 55 69 8 47 17 

5 11 46 6 22 27 

4 30 18 2 41 5 

29 50 58 

59 46 

4 170 55 90 231 39 


* Hyaluronidase (1 mg) placed into vagina before insemi- 
nation, 


+ Hyaluronidase (1 mg) added to sperm suspension. 


t Dried vasectomized semen (1 mg) added to sperm suspen- 
sion. 


hyaluronidase effect on the fertilization of rabbit ova 
in vivo was conducted. 


‘This investigation was supported by a grant from the 
Committee on Human Reproduction, National Research Coun- 
ceil, acting on behalf of the National Committee on Maternal 
Health, Thanks are due to Dr. G. Pincus for encouragement. 
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not established, therefore, that the application of hyalu- 
ronidase in the vagina before insemination or the addi- 
tion of hyaluronidase to the sperm suspension has any 
effect on the fertilization of rabbit ova in vivo. 

The hyaluronidase used in the present experiment was 
tested by the viscosimetric method (7). It was esti- 
mated to be about 200 times as potent as the partially 
purified hyaluronidase used in a previous experiment 
(4). Vasectomized semen has no hyaluronidase activity 


* Kindly supplied by Dr. Joseph Seifter, and containing 800 
turbidometric units per mg. 
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(4), and the hyaluronidase activity of the sperm suspen- 
sion employed in the present control group was practi- 
eally nil. However, the percentage of fertilized ova in 
the control group and in the experimental group was 
very similar. The motility of spermatozoa in the sperm 
suspension with or without hyaluronidase was the same; 
all showed active motility in the highly diluted form at 
room temperature for 6 hr. The role of hyaluronidase 
as determined by the observation of dispersing cumulus 
cells in vitro does not appear to be so important in fer- 
tilization as previous investigators have thought because 
fertilized ova were still observed in cumulus cells (1, 2, 
9). The experimental findings here reported fail to sup- 
port the elaims made for the clinical use of hyaluroni- 
dase. 
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A Simple Staining Technique for Detecting 
Virus Diseases in Some Woody Plants* 


R. C. Lindner, H. C. Kirkpatrick, and T. E. Weeks 


Division of Plant Pathology, 

The State College of Washington, 

Tree Fruit Experiment Station, Wenatchee, 
Bureau of Plant Industry, Soils, 

and Agricultural Engineering, 

U. S. Department of Agriculture, and 
Washington State Department of Agriculture 


During the course of biochemical studies on virus dis- 
eases affecting deciduous fruit trees, it was observed that 
virus infection induces the accumulation of phenolic 
compounds in affected tissues. A color test for these 
compounds was developed (2), which proved useful in 
the study of various stone-fruit virus diseases.” Further 
work suggested that if these phenolic compounds could 
be fixed in the tissue and subsequently stained, they 
might serve as a means of observing virus distribution in 


1 Published as Scientific Paper No. 887, Agricultural Experi- 
ment Stations, Institute of Agricultural Sciences, State Col- 
lege of Washington, Pullman. 

2A recent nt in Sci (1), suggesting that our 
original color test for virus diseases was due to reducing sub- 
stances, is in error. A small amount of copper sulfate was 
added to the reagent for the colorimetric test, to catalyze the 
oxidation of the polyphenols. The author of the comment 
assumed that a cuprous oxide precipitate was the basis for 
the test, whereas a red-colored solution was originally re- 
ported, Copper is not essential to color formation in this test. 
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Fic. 1. 
and C, before clearing and staining; D, E, and F, the same 


Bing cherry leaves affected with ringspet. A, B, 


leaves after staining. 
by the virus. 


The shot holes in C and F are caused 


the plant. Such a test was devised for the staining of 
phenolic compounds in cleared leaf tissue. The stained 
compounds are not distributed uniformly throughout the 
tissue but are located in patterns which are character- 
istic for the type of virus and for the severity of infee- 
tion. The technique is useful in detecting and studying 
what appear to be virus movement and distribution in 
plants capable of producing polyphenols similar to those 
produced by deciduous fruit trees. 

The staining procedure consists of removing the chloro- 
phyll, fixing the polyphenols, and developing blue-colored 
polyphenol compounds by treatment with NaOH. Whole 
leaves or sections of leaves were used. This procedure 
was also used with sections of petioles, stems, and roots. 
The decolorizing and fixing are performed in one opera- 
tion by using a reagent composed of 700 ml of 95% 
ethyl aleohol, 20 ml of 37% formaldehyde, and 230 ml 
of distilled water. Samples may either be boiled in this 
solution under a condenser, or they may be heated in a 
water bath at 80° C until the chlorophyll is completely 
removed. When the clearing and fixing reagent becomes 
strongly colored, it should be disearded and fresh re- 
agent added. One or two changes are usually sufficient. 
The chlorophyll from young leaves is removed in 5 to 10 
min, but older leaves may take as long as 2 hr to clear. 
When decolorized, the leaves appear white or light yellow. 

After decolorization, the samples are transferred to 
normal NaOH and heated at 80° C to 100° C until maxi- 
mum color develops. The time of heating varies with 
the type and age of the sample but is usually from 2 to 
10 min. A deep blue color indicates a test reaction 
between polyphenols and NaOH. Tissues in which these 
phenolic compounds are absent are yellow. The blue 
color of the phenolic compounds stands out sharply 
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against this yellow background, as may be seen in Fig. 1. 

The blue color developed with this method is not 
permanent but oxidizes to a red color in 5 to 10 min 
when exposed to air. Acidification of the sample also 
changes the blue color to red. The red color persists for 
a month or more. Treated tissue may be placed in lactic 
acid after staining if it is to be kept for any length of 
time. The lactic acid not only changes the blue color to 
a more stable red, but at the same time makes the leaf 
more transparent. 

The results with the whole-leaf staining procedure can 
be observed macroscopically or with the aid of a low 
power microscope, so that the usual histological tech- 
niques of embedding, sectioning, and staining were not 
employed. However, the method presumably could be 
adapted for more precise histological studies. 

It should be noted that the procedure is not applicable 
to all plant species but is restricted to those which have 
a polyphenol system similar to that present in deciduous 
fruit trees. The following virus-infected plants were 
found to give good staining reactions: peaches, cherries, 
apricots, and plums (Prunus); apples (Malus); pears 
(Pyrus) ; strawberry (Pragaria) ; rose (Rosa) ; and high 
bush cranberry (Viburnum). Negative results were ob- 
tained with all the viruliferous herbaceous plants—other 
than the semiherbaceous strawberry—thus far tested. 

Since this method is based upon the accumulation of 
certain polyphenols in virus-infected tissue, care should 
be taken in the sampling procedure and the interpreta- 
tion of results, because conditions other than virus infee- 
tion may induce accumulation of the same or similar 
phenolic compounds. Nectaries on the leaf normally 
stain very deeply. Any type of phloem blockage (gird- 
iing) may produce phenol accumulation. Similarly, me- 
chanical injuries to the leaf often induce the accumula- 
tion of the phenolic compounds, as a wound reaction, 
immediately adjacent to the injury. Virus diseases, how- 
ever, produce characteristic distribution patterns of the 
phenolic compounds and, therefore, can usually be dis- 
tinguished from other more localized conditions. 

The type of staining pattern produced in leaf tissue in- 
vaded by different viruses depends upon the kind of virus 
and the stage of development of the disease. In the case 
of western X-disease of peaches, a yellows-type virus 
disease, staining is confined to the phloem in the veins 
of the leaf during the early stages of the disease. As 
the disease progresses, localized areas of parenchyma 
tissue adjacent to the veins become involved, and finally 
most. of the leaf stains deeply throughout. The ring- 
spot diseases of cherries, either in latent or visible stages, 
produce striking staining patterns (Fig. 1). In the 
strictly latent stage’the staining is confined to the pliloem 
in the leaf veins. In those forms showing symptoms, 
even though so faint as to be nearly indiscernible, char- 
acteristic distribution patterns in the leaf parenchyma 
are produced that correspond to the symptom patterns. 

Stem sections have not been as useful as those of leaves, 
-beeause the nature of the tissue precludes the produc- 
tion of specific staining patterns. The staining is usually 
confined to the phloem, but xylem and phloem rays, per- 
ieyelie parenchyma, and sometimes cortical and pith 
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parenchyma also will stain, depending upon the severity 
of the disease. 

Genetic variegations may produce chlorophyll distribu- 
tion patterns in a leaf that resemble virus disease symp- 
toms. None of the genetic variegations tested has re- 
acted to the stain test. Similarly, certain insecticides and 
other chemicals will induce viruslike symptoms in the 
leaf, and these also failed to give a stain reaction. The 
accumulation of polyphenols in virus-affected tissue is 
not completely understood, but apparently it is not re- 
lated to the reactions involved in chlorophyll destruction. 
It scems likely that one or both of the following mecha- 
nisms is involved: (1) partial or complete blockage of 
the phloem, resulting in the dehydration of accumulated 
sugars to polyphenols; (2) mutual precipitation of virus 
protein and polyphenol, and by mass action a subsequent 
accumulation of polyphenol-virus aggregate. In the 
latter event, the staining reaction may be a test for the 
localization of inactivated virus particles. 


References 


1. Kewtty, 8. Science, 1949, 109, 573. 
2. LixpNer, R. C. Science, 1948, 107, 17. 


Biological Experiments on Drosophila 
melanogaster with Supersonic Vibrations 


Hedi Fritz-Niggli and Albert Béni 


Institute for Physical Therapy, University of Zurich, 
Zurich, Switzerland 


Recently, supersonic waves have begun to be widely 
used by physicians to treat such diseases as rheumatism, 
uleus cruris, ete. It is, therefore, necessary to make an 
exact examination of the biological effects of these vibra- 
tions. It is first of all important to know whether super- 
sonic waves have any mutagenic influence on the genes. 

Many biological experiments with supersonic vibra- 
tions (hereafter to be called S8.V.) have been made, 
but mostly with the purpose of determining the killing 
effect against protozoa, bacteria, or small experimental 
animals such as mice. Hersh et al. (2), who made ge- 
netic experiments with Drosophila melanogaster, treated 


-them in the air, not being aware that air eannot conduct 


sonic waves of high frequency. We have made some 
further genetic experiments by investigating the effects 
of S.V. on mutations and development in Drosophila 
melanogaster. 

We used a wild stock of Drosophila, treating all stages 
of: development, i.e., egg, larval, and pupal. The insects 
were placed in an isotonic NaCl solution in a tube of 
artificial resin, Trolitul, with a bottom of special thick- 
ness to let the waves through. This receiver was put on 
the vibrator head of a piece of equipment used by phy- 
sicians (an ultravibrator) which has an intensity of 
0.7-4 w/em* (800,000 vibrations per sec). To exclude 
a heat effect, we cooled the receiver with water, thus al- 
lowing a treatment of over 25 min without a significant 
increase in the temperature of the NaCl solution. 
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TABLE 1 


DIFFERENCE IN To 8.V. (IntTexsity 1.75 W/CmM*) Dirrerent StTaces or DEVELOPMENT 
Percentage of 
when treatec po treatment 
2 egg 5 sec 12.1 12.1 none 
15 ed 60 * 75.6 47.1 legs, wings, abd.* 
22 larval I _— 57.3 51.2 eyes, hyp.* 
42 8 30 “ 57.7 87.2 abd. 
70 larval III 30 “ 13.2 7.3 abd., wings 
70 > 60 “ 8.3 4.2 none 
100 larval III — 83.3 60.7 hyp. 
100 . 30 “ 82.4 28.9 hyp. 
100 “ il 60 * 63.9 11.8 hyp. 
108 prepupal 60 “ 53.8 25.6 hyp 
110 - 30 “ 64.0 41.7 hyp., legs 
113 " 60“ 81.8 44.2 hyp., legs, eyes 
115 “ 30 “ 100.0 85.7 hyp., legs, eyes, wings 
122 pupal 4 min 63.6 45.5 
180 100.0 100.0 wings 
200 100.0 100.0 


* Abd. = abdomen ; hyp. = hypodermis. 


We observed a big difference in susceptibility in the 
various stages of development (see Table 1). The eggs, 
larvae, and early pupae (prepupae) are extremely sus- 
ceptible to S.V. Usually the insects survive after treat- 
ment, but some time afterwards a few of them die, while 
others die at a later stage of development. The meta- 
morphosis, which begins with the formation of a pu- 
parium, seems to be a very sensitive one. After a pupa- 
tion of about 7 hr, resistance begins to increase slowly, 
and 6 hr after metamorphosis is finished, resistance in- 
creases rapidly. 

In 22-hr pupae exposed to 8.V. for 20 min at an in- 
tensity of 1.75 w/cm*, mortality was 75%. A treatment 
lasting 1 min, however, killed the same number of 1-hr 


37-39" 
| 


/ 


Age nh be 

Fic. 1. Differences in susceptibility to different agents 
in various stages of development. Ordinates: for broken 
line (temperature 38°-39° C during the 2-3-hr period of the 
test)—% of survivors (Henke [1]); for dotted line (x-rays, 
dose to kill 50%)—0-2,400 r (Mavor [3]; for solid line 
(supersonic vibrations, 1.75 w/cm*? for time needed to kill 
50% )—0-20 min. 
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pupae. This means that resistance increases quickly to 
approximately twentyfold what it is at the beginning of 
puparium formation, and to nearly a thousandfold as 
compared with the resistance of the egg when laid. In 
the other stages the same effect has been observed, i.e., 
resistance increases with age, and this more strikingly 
in the egg stage than in the larval. This result parallels 
the effects on Drosophila eggs with x-rays (4). It seems 
probable that morphological changes in prepupal or early 
egg stages of a growing insect are more susceptible to 
8.V. than are simple proliferations or cytological differ- 
entiations of tissues. A possible explanation of the great 
resistance of old pupae might be the existence of air, 
between pupa and puparium, that does not conduct 8.V., 
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Fic. 2. Variation in survival rate of larvae (100 lL old) 
with time; treatment with 0.71 and 1.75 w/cm*. Curve 


represents number of emerged imagoes. The percentage of 
survivors some time after treatment is plotted for each value. 
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TABLE 2 
THe Errecr of SUPERSONIC WAVES ON MUTATION RATE 


Stage Number of Number 
when Treatment tested X- of 
treated chromosomes lethals 

Egg 60 sec 1.75 w/cm?* 93 
Larval 0.71 and 1.75 w/cm*, 
10-60 sec 79 
Pupal 0.71 and 1.75 
3-18 min 161 1 
Pupal 0.3 w/em*, 2-3 min 51 
Pupal 0.71 w/em?*, 25 min 89 o« 
Total 473 1 
Eggs, larvae, pupae in controls 112 0 


but experiments indicate that this possibility is remote. 

In comparison with the resistance of Drosophila to 
x-rays and heat (Fig. 1), we found a very striking iden- 
tity of effect by x-rays and by 8S.V. (3); while heat 
effects (2) do not resemble effects of 8.V. To demon- 
strate the relation between survival rate and intensity, 
and/or time, we have to treat insects of identical age. 
A treatment with 0.71 and 1.75 w/em®* for 15-105 see 
(Fig. 2) shows the importance of, time; the relation is, 
however, not proportional. A comparable similarity to 
effects of x-radiation has been observed in modifications 
after S.V. treatment. Besides other variations (shorten- 
ing of limbs, wings, ete.), a great number of treated 
late larvae and prepupae (in some cases even 20-hr pu- 
pae) died as late pupae, just before emergence, with a 
varying deficiency of chitin of the dorsal and ventral ab- 
domen. The hypodermis was absent, while a normal 
pupal cuticle was present with brown spots, including the 
hypodermal defect. The same fact was observed by 
Bucher (unpublished data), when treating prepupae with 
x-rays, and it seems that x-rays and sonic waves of high 
frequency destroy the hypodermal histoblasts in the same 
manner, Other interesting abnormalities, like nonat- 
tachment of the testis to the vas efferens, will be de- 
seribed and: discussed in a further paper. 

During these experiments, we tried to discover whether 
8.V. could produce mutations. The imagoes derived from 
treated eggs, larvae, and pupae were examined for pos- 
sible modifications, and were then used in crossing ex- 
periments in order to detect any recessive or dominant 
mutations. The CIB-method was applied for the X-chro- 
mosome, and, parallel to the experiment, we bred a ¢on- 
trol series, subject to the same procedure. In Table 2, we 
summarize some of the results of our experiments. 

These first experiments seem to show that supersonic 
vibrations with an intensity of 0.3, 0.71, or 1.75 w/em? do 
not produce many mutations. For a final answer, it would 
be necessary to know the effect of S.V. of small intensity 
or the effect upon dissected gonads, problems which we 
are studying further in our institute. 
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A Simplified Method of Lyophilizing 


Microorganisms* 


R. W. Barratt and E. L. Tatum?” 


Department of Biological Sciences, Stanford University, 
Stanford, California 


The lyophilization of microorganisms is almost essen- 
tinl for their preservation without change of character- 
istics. It was shown to be effective for bacteria (1-7), 
for yeast (8, 9), and for fungi (4) and has been used 
satisfactorily for a number of years in our laboratories 
as a means of maintaining original and derived strains 
of many microorganisms. A simplified method developed 
in our laboratories for lyophilizing organisms, and in use 
for over a year, is herein described. 

The method requires a minimum of special equipment 
and materials. A 0.l-ml sample (Fig. 1, A) of the 
spores, bacterial cells, or yeast cells in sterile skim 
milk or serum is introduced with a capillary pipette into 
a 12-in. length of 8-mm pyrex tubing sealed at one end 
and previously plugged loosely with nonabsorbent cotton 
and sterilized. This cotton plug (B) is pushed down the 
tube to a level 34 in. above the sample, and 2-3 in. of 
the desiccant, powdered phosphoric anhydride (C), is 
added. A second and tight cotton plug (D) pushed 
down the tube wipes the loose P.O, from the walls and 
holds the desiccant in place during evacuation. The P,O, 
is introduced into the lyophil tubes from a dispenser such 
as that diagramed in Fig. 2. This device consists of a 
funnel turned on a lathe out of 2-in. brass stock; the 
lower end (Fig. 2, E) fits inside the lyophil tube and 
the upper end (F) is sealed with deKhotinsky cement to 
the open end of an inside section of a 45/50 standard 
taper pyrex interchangeable joint (G). The outside sec- 
tion of the joint (H) is fitted with a rubber stopper (1), 
earrying through the center a brass rod (J), which is 
long enough to be used as a plunger for ejecting the 
dry powdered P,O;. This apparatus is mounted in a ring 
stand. Enough P,O, can be held in the dispenser when 
{ full for approximately 35 samples, a convenient unit 
of work. 

After preparation of all the tubes for a given run the 
samples are frozen rapidly by immersing either in a sol- 
vent-dry ice mixture or in powdered dry ice alone. Each 
tube is individually evacuated by attaching with pressure 
tubing to a high vacuum electric pump. In order to 
keep the sample frozen during evacuation, an insulated 
shell vial containing powdered dry ice is held over the 
sample end of the tube. When evacuation is complete 
(usually in about 1 min or as indicated by a manometer), 
the tube, still under vacuum and in a horizontal position, 
is sealed with a flame* above the P.O, (as indicated by 

1 This work was done in part under grants-in-aid from the 
American Cancer Society upon recommendation of the Com- 
mittee on Growth, National Research Council, and from the 
Jane Coffin Childs Fund for Medical Research. 

2The authors acknowledge the technical assistance of 
Dorothy Van Hacht and Carol Fuller. 


*Hand gas-air torch, type 3A, National Welding Bquip- 
ment Company, San Francisco, California, with tip size N-1. 
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an arrow in Fig. 1). Each tube is then placed in a rack 
with the sample immersed to a depth of 1 em in a freez- 
ing mixture. A brine-ice bath or a glycol-water mixture, 
held at -5° C to — 10° C in an open-topped refrigerator, 
ean be used conveniently. The sample is completely dry 
in 2-4 hr. The lyophil tubes are removed from the freez- 
ing mixture and sealed off leaving about 2 in. of the 
tube above the sample (arrow in Fig. 1). 


Fie, 1. Schematic drawing of a lyophil tube. A, Sample. 
B, First cotton plug. C, Phosphoric anhydride. D, Second 
cotton plug. 


Several precautions should be observed: (1) For satis- 
factory desiccation the sample should not exceed 0.2 ml. 
(2) The glass surfaces to be sealed must be free of a film 
of P,O,. This is assured by the second cotton plug 
which wipes the surface. (3) Contact between P,O, and 
moist air should be minimized, since it makes the com- 
pound sticky and extremely difficult to manipulate. (4) 
The P.O, dispenser should be washed and thoroughly 
dried between each run. 

In addition to the simplicity and low initial cost of 
the equipment, this method has the following advantages 
over the customary manifold method: (1) Each tube is 
evacuated independently, so that maintenance of a high 
vacuum in a large complicated glass system is obviated. 
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Fic. 2. Schematic drawing of the phosphoric anhydride 
dispenser. E, Brass tip which fits into lyophil tube. F, 
Brass shoulder of funnel, inside diam 1} in. G, Inside part 
45/50 ST joint. H, Outside part 45/50 ST joint. 1, Rubber 
stopper. J, Brass rod (4 in.) which extends about } in. 
beyond tip of dispenser when in lowest position. 


(2) Any desired number of samples from a few to several 
dozen may be done at one time. (3) The lyophil tubes 
ean be sealed while rotating in a horizontal position, 
and a structurally strong seal is therefore more easily 
made by an inexperienced worker. (4) The short dis- 
tance between sample and desiccant speeds desiceation. 
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Comments and Communications 


Planchets for Radioactive Material 


Radioactive materials are commonly put on or into 
flat or cupped planchets for convenience in handling and 
to obtain uniform conditions during activity measure- 
ments. These planchets are made of glass or some 
metal such as steel or copper. According to Albert 
Margnatti (Tracerlog No. 22, October, 1949) the best 
material for this purpose is one with the lowest possible 
atomie number, because backscattering is thus reduced. 
On this basis, aluminum becomes the material of choice. 

In using planchets of glass or sheet metal, economy 
requires that they be cleaned and reused if possible. 
Much time and work could be saved if the planchet were 
disposable. After some experimentation, the writers have 
succeeded in producing planchets of aluminum foil which 
are so easily and cheaply made that they can be dis- 
carded after use. 

The material finally selected was aluminum foil 0.001 
in. thick. This can be purchased at grocery stores in 
rolls 1 ft wide and 25 ft long. Dies for forming the 
planchets were made as shown in Fig. 1. The upper 


part is a 6-in. length of metal tubing with an inside 
diam of 1 in. The inner edge of one end is beveled 
slightly. The lower part is a 1}-in. round steel bar with 
4 in. of the end turned down to 0.975 in. Again the 
sharp edge is beveled slightly. The loose fit permits 
crimping of the cap without tearing of the foil. 
Aluminum foil disks 14 in. diam are cut on a sheet 
metal punch. By folding large strips of the foil into 
packs as many as 50 disks can be cut at once. After 
separation, these disks are placed on the die and formed. 
The crimped edges of the cup give it sufficient rigidity 
for most uses, and heavier cups can be made in the same 
dies by using two or more thicknesses of the foil, or 
heavier foil. Flat planchets must be made of foil at 
least 0.005 in. thick. 
CuarLes C. Hassett and 
Jory M. PirruNG 
Medical Division, 
Army Chemical Center, Maryland 
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Note on the Freezing Point of Citrate Solutions 
Used in the Dilution of Bull’s Semen 


In a recent paper on the freezing point of bull’s semen 
and of the sodium citrate solutions used in diluting the 
semen for artificial insemination purposes, G. W. Salis- 
bury, C. B. Knodt, and R. W. Bratton (J. animal Sci., 
1948, 7, 283) have stated that ‘‘heating sodium citrate 
solutions increases their osmotic pressure. For heated 
solutions 2.9 grams of Na,C,H.O;-2H.O per 100 ml of 
water distilled in glass is isotonic with blood.’’ In view 
of the stable nature of sodium citrate, it appeared un- 
likely that the number of osmotically active particles 
should increase irreversibly when solutions of the salt 
were heat-treated. This point, which is of interest in 
connection with research in progress here on semen di- 
luents, was, therefore, investigated by experiment. 

Freezing points were determined by the Hortvet tech- 
nique as used for milk in an improved model of the 
eryoscope developed at this institnce (Temple, P. L. 
Analyst, 1937, 62, 709). The tuermometer had been 
standardized at the National Physical Laboratory, and 
all thermometer readings were corrected to the Interna- 
tional Temperature Seale as recommended by R. Aschaf- 
fenburg and J. A. Hall (Analyst, 1949, 74, 380). The 
freezing point of water was determined at the beginning 
and end of each set of tests. 


EXPERIMENT 1 


Solution A. Na,C,H.O, 2H,0 of reagent quality (2.9 
g) was made up to 100 ml with glass-distilled water at 
15° -C. 

Solution B. Na,C,H,O;-2H,0 (2.9 g) was dissolved 
in boiling distilled water, transferred with hot water 
(just off the boil) to a 100-ml measuring flask and, after 
cooling, made up to the mark. 


Freezing point depressions in degrees Centigrade: 


Solution A B 
0.525 0.525 
0.524 0.527 
0.525 0.525 
Mean 0.525 0.526 


EXPERIMENT 2 


Solution C. Made up like Solution A, Experiment 1. 
Solution D. Made up like Solution A, Experiment 1. 
The flask containing the solution was then immersed in 
boiling water for 6 hr, cooled to 15° C, and made up 

to the mark. 


Freezing point depressions in degrees Centigrade: 


Solution C D 
0.527 0.526 
0.525 0.527 
0.527 0.528 
Mean 0.526 0.527 
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It must be coneluded that heating sodium citrate solu- 
tions does not increase their osmotic pressure, and that 
solutions containing 2.9 g per 100 ml—whether they have 
been heated or not—are not isotonic with bull’s blood 
which, according to Salisbury et al. (1948), has a mean 
freezing point depression of 0.56° C. 

Nevertheless, in making up egg yolk-citrate diluents 
for semen, the use of solutions containing 2.9 g of 
Na,C,H,O, - 2H.O per 100 ml appears theoretically sounder 
than that of solutions containing 3.6 g (as earlier recom- 
mended by C. B. Knodt and G. W. Salisbury [J. Dairy 
Sci., 1946, 29, 285]) for which a freezing point depression 
of 0.645° C was found by the Hortvet technique. Since 
egg yolk has an average freezing point depression of 
0.60° C (Needham, J., and Smith, M. J. exp. Biol., 1931, 
8, 286), mixtures of equal parts of yolk and 2.9% citrate 
solution with a freezing point depression o* 0.526° C are 
likely to be nearly isotonic with fresh bull’s semen which 
has an osmotic pressure equal to, or slightly higher than, 
bovine blood (Salisbury et al., 1948). Mixtures of equal 
parts of yolk and 3.6% citrate solution, on the other 
hand, are clearly hypertonic to semen. Whether this 
point is of practical importance, however, remains to be 
seen. The good results of artificial insemination obtained 
in the past with 3.6% citrate solution suggest that, within 
limits, bull’s semen is not very sensitive to variations 
in the tonicity of the diluent. 

R. ASCHAFFENBURG 
National Institute for Research in Dairying 
University of Reading, England 


A Simple Method for Opening Quartz Capsules 
Containing Radioactive Materials 


The authors encountered considerable difficulty in open- 
ing capsules containing either irradiated red phosphorus 
or phosphorus pentasulfide obtained by service irradiation 
at Oak Ridge National Laboratories on authorization 
from the Atomic Energy Commission. These materials 
were submitted for service irradiation sealed in quartz 
capsules of less than 3 in. in length and 3 in. in diam, 
packed under nitrogen at less than atmospheric pressure. 
The phosphorus was obtained in 1-g lots with an activity 
of 50 me, and the phosphorus pentasulfide was obtained 
in a 4-g sample with an activity of 150 me. 

The apparatus shown in the accompanying drawing 
was used to open the sample of P.S, without any labora- 
tory or personnel contamination and also served to mini- 
mize the exposure of the operator’s hands. (The survey 
meter read less than 2 mr/hr outside the case.) 

After unpacking, the quartz capsule (Fig. 1, 4) was 
placed in a hole of the proper dimensions in a lucite rod 
(Fig. 1, 5) 14 in.x24 in. <A cement of lucite dissolved 
in chloroform was used to secure the capsule in the lucite 
rod. This lucite rod was placed in a lucite box (Fig. 1, 
7) 4 in. x4 in. x4 in. with walls 4 in. thick. This box 
was equipped with a retaining screw for holding the lucite 
rod and with a filter packed with glass wool (Fig. 1, 8) 
to remove any radioactive materials that might be dis- 
persed when the capsule was opened. The filter was con- 
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nected to a vacuum source to insure a flow of air into the 
box through the shaft opening and at the junction be- 
tween the cover and the box. The sliding cover (Fig. 1, 
2) was of }-in. lucite, 6 in. x6 in. A Dremel Moto Tool, 
or equivalent, was mounted on the sliding cover with the 
shaft projecting into the box. A ecarborundum cutting 
disk (Fig. 1, 2) was mounted on the shaft, which was 
positioned in the chuck so as to bring the cutting disk in 
proper alignment with the quartz capsule. The cover 
was then placed on the box slightly off center so as to 
bring the edge of the carborundum disk into contact with 
the side of the quartz capsnie. The sliding cover was 
then moved slowly so that the earborundum disk eut a 
groove completely around the capsule. 

The authors have found it Cesirable to eut the top off 
completely with the cutting tool rather than break it at 
the groove by a sharp blow, since the sudden rush of air 
into the capsule tends to disperse the radioactive ma- 
terial. After the top is sawed off, the retaining serew 
is loosened and the lucite rod is removed with tongs to 
transfer the radioactive materials to the reaction flasks. 

For gamma emitters the box and sliding lid can be con- 
structed of lead, with lucite employed for the side of the 
box away from the operator in order to provide light. A 
lead-glass observation window in the front or a mirror 
placed behind the box would enable the operator to ob- 
serve the position of the earborundum disk and the prog- 
ress of the cutting operation. 

H. H. Cosurn and C. C. Roan 
University of Illinois 
Urbana 


Water-soluble Riboflavin Derivative 


The recent paper ‘‘A Very Water-soluble Riboflavin 
Derivative’? by George B. Stone (Science, 1950, 111, 
283) prompts us to report our own findings, which have 
a relation to his. During our search for water-soluble, 
biologically active riboflavin derivatives, which resulted 
in the preparation of methylol derivatives of riboflavin 
(Schoen, K., and Gordon, 8S. M. Arch. Biochem., 1949, 
22, 149) we prepared in 1947 a riboflavin sulfate ester 
by essentially the same method as reported by Stone. 
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Five grams of riboflavin, suspended in 10 ml water, 
was cooled to 0° C in an ice-salt mixture, and 50 ml 
concentrated sulfuric acid was added dropwise with 
stirring at such a rate that the temperature remained 
between —5° and +10° C. After stirring for 30 min, 
the solution was poured on 500 g ice and brought to pH 2 
with solid barium hydroxide. Sodium bicarbonate was 
added to pH 7 and the solution was concentrated in 
vacuo to 50 ml. A sodium salt of the riboflavin ester 
was precipitated by addition of 500 ml anhydrous 
ethanol and 200 ml acetone. A yellow, very water-soluble 
powder was obtained. 

A solution of this product containing the equivalent of 
6 mg riboflavin per milliliter had a _ microbiological 
activity of 0.25 mg riboflavin per mill liter, an activity 
of about 4%. This compares with an activity of 15% 
for Stone’s product. Under the conditions of our ex- 
periment, it is probable that mainly the primary hydroxyl 
group of riboflavin has been esterified (Swern, D., et al. 
Oil and Soap, 1943, 20, 224). As in the ease of tri- and 
tetrasuccinates (Furter, M. F., Haas, G. T., and Rubin. 
S. H. J. biol. Chem., 1945, 160, 295), the sulfate is bio- 
logically active only after previous hydrolysis by auto- 
elaving. In contrast to this behavior, our methylol deriva- 
tives are active biologically without previous hydrolysis, 
and autoclaving does not increase their activity. 


KARL SCHOEN and SAMUEL GorDoNn 
Research Laboratories, 


Endo Products Ine., 
Richmond Hill, New York 


Erratum 


In our paper ‘‘ Pantothenic Acid in Copper Deficiency 
in Rats’’ (Science, 1950, 111, 472), in the last sentence 
of the second paragraph on page 473, the daily admin- 
istered dose mentioned should be ‘‘0.1 yg of copper’’ and 
not ‘‘1.1 ug’’ as printed. 

LEON SINGER 


GrorGe K, Davis 
Florida Agricultural Experiment Station 
Gainesville, Florida 


Foreign Publications in the Field 
of Organic Chemistry 


I have read with great interest the article by F. 8. 
Boig on domestic and foreign periodicals in the field of 
organic chemistry (Science, 1949, 110, 107). Boig tabu- 
lated (see Table 2, page 108) the number of organic 
chemical publications in various countries in the years 
1937 and 1947, measuring the organic chemical research 
in these countries by the volume of organic chemical 
publications and drawing certain conclusions from the 
results. 

One arrives at even more interesting conclusions if one 
does not simply compare on this basis such very large 
countries as the United States and Russia with such very 
small countries as Holland, Finland, Sweden, and Switzer- 
land, but instead computes the ratio of the number of in- 
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TABLE 1 
No. of in- 
habitants for 
Country* Year each organic Rank 
chemical 
publication 
1937 42,000 
I. Switzerland ..... 1947 22.000 1 
II. Germany ........ 1937 112,000 2 
1947 125,000 3 
1947 135,000 4 
British Isles ..... 1947 139,000 5 
ASA 1947 150,000 6 
1947 168,000 7 
Sweden ..... iden 1947 179,000 8 
1937 440,000 12 
* Category I: less than 50,000 inhabitants per publication. 


habitants to the number of organic chemical papers in 
these countries. 

Thus the countries are grouped here in Table 1 in a 
somewhat different manner than in Boig’s table. Switz- 
erland now achieves a unique position, far ahead of the 
other categories. 

For several of the countries I have chosen the number 
of papers from the year 1937 instead of 1947, since it is 
certainly not logical to take for comparison the strongly 
war-exhausted countries like Germany and others with the 
greatly reduced production of the year 1947. It is per- 
haps also of interest to point out further that, for the 
time of the organic chemical Hochkonjunktur in Ger- 
many about 1910, this country would fall in category I. 

LEOPOLD RUZICKA 
Eidg. Technische Hochschule 
Zurich, Switzerland 


Use of Dried Hemoglobin in the 
Assay of Pepsin 


A recent communication in Science (Orringer, D., 
Lauber, F. U., and Hollander, F. Science, 1950, 111, 
88) demonstrates the feasibility of substituting lyophi- 
lized bovine hemoglobin powder (Armour) for hemoglobin 
prepared from fresh blood in the assay of pepsin and 
trypsin by the well-known method of Anson and Mirsky 
(Anson, M. L., and Mirsky, A. E. J. gen. Physiol., 1932, 
16, 59). The author many years ago demonstrated that 
dried hemoglobin ‘‘scales,’’ as available commercially, 
could be used in a very simple assay of pepsin by a very 
slight modification of the original method which improved 
its accuracy (Steinhardt, J. Kg. Danske Videnskab. 
Selskab., Math-fys. Medd., 1937, 14, No. 11, 1; J. biol. 
Chem., 1939, 129, 135). 

JACINTO STEINHARDT 
Operations Evaluation Group 
Massachusetts Institute of Technology, Cambridge 
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Bock Reviews 


The Chemical Elements and Their Compounds, 2 vols. N. 
V. Sidgwick. New York: Oxford Univ. Press, 1950. 
1703 pp. $14.00 the set. 

The title The Chemical Elements and Their Compounds 
implies a comprehensive work, and the author has written 
a book to which that term certainly applies. This re- 
viewer stands in awe of any one man who can ‘‘ attempt 
to discuss in detail the properties of the elements and 
their compounds in the light of modern ideas of atomic 
and mvlecular structure.’’ This is accomplished in 1,700 
pages, which are divided into 25 chapters titled according 
to the groups and subgroups in the periodic table, and 
hence running from the chapter covering Group O, the 
inert gases, to Group VIIIC, palladium and platinum. 
The comprehensiveness of the book is illustrated by the 
fact that some 65 pages of ‘‘organie chemistry’’ appear 
in the chapter covering Group IV, in view of the position 
of carbon in this group (rather than in the chapter cov- 
ering Group I, which includes hydrogen). 

The most dependable books in the various fields of 
science seem to be those written by the actual partici- 
pants in those fields. A yardstick based on this standard 
is clearly not justified in evaluating a book which covers 
all of the chemical elements. The value of such a book 
lies in putting in one place a broad range of essential 
and concise information, and it would be difficult to make 
it authoritative in all details. The present book is non- 
critical in numerous instances, giving incorrect along 
with correct information; since the information is so 
well documented with references it may have been the 
author’s aim to do this intentionally, in emulation of the 
famous treatise by Mellor. It is, of course, inevitable 
that much of the information and interpretation consid- 
erably predates the publication date of 1950. 

Perhaps the most surprising shortcoming of the book 
is the almost complete lack of the thermodynamic ap- 
proach. Discussions in terms of oxidation potentials are 
almost completely lacking. Consideration of questions 
in the light of modern ideas of atomic and molecular 
structure, as promised in the preface, is not as extensive 
as one might have expected from the author of The Elec- 
tronic Theory of Valency. 

Criticism of details can only serve as examples. There 
are numerous small errors, as exemplified by the listing 
of the half-life of the neutron as infinite. The most 
important method for the separation of the rare earth 
elements from each other, the ion-exchange adsorption 
method, is not mentioned at all, even though most of the 
important wartime work was published as early as 1947. 
Also, the electronic structures given for the rare earth 
elements are not those that have been generally accepted 
for many years. The treatment of the transuranium 
elements and those immediately preceding them is prob- 
ably the most confused in the book. These appear as 
members of the chromium group and are first discussed 
on this basis in a treatment which gradually veers over 
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to the point of view that a rare earthlike transition series 
is involved. Thus curium is both a homologue of chro- 
mium and is explicitly said to have an electronic structure 
analogous to gadolinium. 

In balance, however, the book, in the opinion of this 
reviewer, is valuable and probably an almost indispen- 
sable adjunct to the library of most chemists from the 
standpoint of its central purpose—that of an over-all and 
broad reference book. Many readers will feel that the 
10,000 references to the original literature are of suffi- 
cient value to make the book worth owning regardless of 
its other merits. 

FLENN T. SEABORG 
University of California, Berkeley 


Elementary Pile Theory. Harry Soodak and Edward C. 
Campbell. New York: John Wiley; London: Chap- 
man & Hall, 1950. 73 pp. $2.50. 

In rereading the notes of Harry Soodak’s lectures on 
elementary pile theory I am reminded of the happy day- 
of 1946-47, when a training school on nuclear physics 
and ‘‘atomic’’ energy was organized at the Clinton 
Laboratories with the intent of spreading for the public 
benefit some of the knowledge accumulated by the Man- 
hattan Project during the war. Those were days of hope, 
when one thought that atomie energy would enrich man- 
kind and unite the world. 

Soodak’s lectures were one of the high lights of the 
training program. They were attended mostly by en- 
gineers who expected to apply the acquired knowledge 
in their industrial work. Excellent notes were compiled 
by E. Campbell and distributed in dittoed form within 
the AEC. Now they are available to the public in book 
form. The few omissions imposed by security do not 
affect the continuity of treatment. 

The text should prove very useful, as the lectures were. 
to anyone wishing to learn how a nuclear reactor works. 
Wisely, it does not diseuss nuclear physics and does not 
require any knowledge of quantum mechanics. 

Neutrons are considered as particles wandering 
through matter, following laws similar to those which 
govern the motion of the molecules of a gas. Their 
collisions with nuclei are described in terms of cross sec- 
tions, whose theoretical interpretation is not given, but 
whose definition is clear and easily understood. The 
consequences of this approach are developed in a logical! 
and well-organized manner, making the book more 
similar to a simple treatise on mathematical physies than 
to an engineering manual. In the first half the slowing 
down (moderation) and the diffusion of neutrons are dis- 
cussed. The second half is devoted to reactors proper 
and includes such topies as critical size, transient be- 
havior, and control. 

If the engineering details, as well as some of the perti- 
nent numbers, are missing, the basic principles of pile 
physies are all there. The reader who is interested in 
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‘‘understanding’’ will satisfy his curiosity. The engi- 
neer who is interested in ‘‘using’’ (and who has access 
to more detailed information) will find this book a good 
introduction to the reading of technical papers. 

8. DEBENEDETTI 
Carnegie Institute of Technology 


The Theory of Atomic Collisions, 2nded. N. F. Mott and 
H. S. W. Massey. New York: Oxford Univ. Press, 
1949. 388 pp. $8.75. 

The publication of a new edition of The Theory of 
Atomic Collisions would seem to call not so much for the 
customary critical review as for a formal expression of 
appreciation in behalf of the many whom it will doubtless 
serve so well. The first edition, invaluable in the edu- 
cation and activities of physicists since its appearance 
in 1933, has distinguished itself by its usefulness to 
theoretician and experimentalist alike; it is the reference 
on the subject in classroom, laboratory, and library. 
The book is a systematic exposition of the applications 
of quantum mechanics to collision problems—problems 
ranging from the scattering of ultrahigh-energy mesons, 
which provides information on the nature of elementary 
particles, to collisions between atoms at thermal energy, 
the treatment of which leads to the quantum theory of 
viscosity and diffusion. The scope is exhaustive, the 
development authoritative, the style lucid and incisive; 
moreover, the volume is singularly rich in its evocation of 
experimental results. Although the first edition is in 
no sense obsolete, the new version is greatly augmented 
in value, for it encompasses almost the whole of the 
old and a wealth of new material—later applications 
and new techniques of the theory as well as some 
advances in the theory itself; and this without unduly 
increasing the size of the book. 

The most important addition is certainly that of 
extensive material on nuclear collisions. Specifie major 
changes are: amplification of the treatment of scattering 
by a potential well and barrier; inclusion of the ‘‘dis- 
persion’’ method ‘and a variety of its applications; 
addition of much new material on the nuclear scattering 
of electrons and positrons; discussion of new methods 
for treating scattering by a central force and a more 
detailed analysis of the conditions for validity of the 
older methods; greatly extended consideration of ‘‘slow’’ 
collisions; addition of material on multiple scattering 
of electrons; a new chapter on nuclear collisions— 
neutron and charged particle transmutations, fission, and 
seattering, with an ample section on the scattering of 
slow neutrons (including scattering by bound atoms and 
magnetic scattering); extension of the final chapter, 
wmech deals with relativistic problems—largely by con- 
sideration of positron and meson processes. The chapter 
on collisions of electrons with molecules is deleted, but 
in compensation we are promised a new book, Electronic 
and Ionic Impact Phenomena, by Massey and Burhop, 
which is now in preparation and will deal in much 
greater detail with this and related topics. 

It may be reassuring to many that this volume, coming 
as it does at a time when much of our basic theory is 
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in a state of bewildering—not to say disillusioning— 
difficulty, reaffirms our confidence in the quantum me- 
chanics by its account of that theory’s long succession of 
triumphs in dealing with a great and remarkably diverse 
set of phenomena. 

Rosert L. PLaTzMan 
Purdue University 


Scientific Book Register 


Advances in Colloid Science, Vol. III. H. Mark and E, J. 
W. Verwey, eds. New York-London: Interscience, 
1950. 384 pp. $7.50. 

A Geography of Europe. Jean Gottmann. New York: 
Henry Holt, 1950. 688 pp. $5.00. 

College Chemistry: An Introductory Textbook of General 
Chemistry. Linus Pauling. 705 pp. $4.50. College 
Chemistry in the Laboratory: A Manual Designed to 
Accompany Pauling’s College Chemistry. Lloyd E. 
Malm and Harper W. Frantz. 331 pp. $3.00. San 
Francisco, Calif.: W. H. Freeman, 1950. 

A Histology of the Body Tissues with a Consideration of 
Their Functions. Margaret Gillison. Baltimore, Mary- 
land: Williams and Wilkins, 1950. 220 pp. $3.50. 

History of the Primates: An Introduction to the Study of 
Fossil Man. 2ud ed. W. E. Le Gros Clark. London: 
British Museum (Natural History), 1950. 117 pp. 
2/6. 

General Chemistry. 4th ed. H. I. Schlesinger. New 
York: Longmans, Green, 1950. 811 pp. $5.50. 

Primary Batteries. George Wood Vinal. New York: 
John Wiley; London: Chapman & Hall, 1950. 336 pp. 
$5.00. 

Vorstufe zur Theoretischen Physik. Richard Becker. 
West Berlin, Germany: Springer-Verlag, 1950. 172 pp. 
DM 7.50. 

Tissue Culture Technique. Rev. 2nd ed. Gladys Cam- 
eron. New York: Academic Press, 1950. 191 pp. 
$4.20. 

Marriage and Family Relationships. Rev. ed. Robert 
Geib Foster. New York: Macmillan, 1950. 316 pp. 
$2.75. 

The Laboratory Guide in Chemistry. 2nd ed. Joseph H. 
Roe. St. Louis, Mo.: C. V. Mosby, 1950. 216 pp. 
$2.25. 

The James River Basin: Past, Present and Future. Com- 
piled by the James River Projeet Committee, Virginia 
Academy of Science, 1950. 843 pp. Order through 
Foley F. Smith, Box 1395, Richmond 11, Virginia. 
$6.00 postpaid. 

Principles of Chemistry: An Introductory Textbook of 
Inorganic, Organic, and Physiological Chemistry for 
Nurses and Students of Home Ecouomics and Applied 
Chemistry. 7th ed. Joseph H. Roe. St. Louis, Mo.: 
C. V. Mosby, 1950. 427 pp. $3.50. 

An Introduction to Experimental Stress Analysis. George 
Hamor Lee. New York: John Wiley; London: Chap- 
man & Hall, 1950. 319 pp. $5.50. 
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News and Notes 


About People 


Emerson Day, associate profes- 
sor of publie health and preventive 
medicine at Cornell University Medi- 
eal College, has been appointed diree- 
tor of the Kate Depew Strang Cancer 
Prevention Clinic, a part of Me- 
morial Center for Cancer and Allied 
Diseases, in New York City. Dr. 
Day will assume his post September 1. 


Glenn Glauser has been appointed 
director of development of Columbia 
University’s College of Physicians 
and Surgeons. Dr. Glauser was for- 
mer director of government liaison 
and special services for the Com- 
munity Chests of America and the 
United Service Organizations, Ine. 


Franz Newell Devereux Kurie 
and John Milton Miller have been 
appoMted special consultants to 
E. O. Hulburt, director of research 
at the Naval Research Laboratory. 
Dr. Kurie, at present superintendent 
of the Nucleonies Division, will plan 
research programs in the field of nu- 
clear physics and nucleonics. Dr. 
Miller, superintendent of Radio Di- 
vision I, will serve as consultant in 
electronic research and development. 


William deBerniere MacNider, 
Kenan Research Professor of Phar- 
macology at the University of North 
Carolina, retired July 1. Dr. Mae- 
Nider had been a member of the 
faculty of the School of Medicine for 
51 years. 


L. Corsan Reid has been ap- 
pointed as professor of experimental 
surgery at the New York Univer- 
sity Post-Graduate Medical School, 
a unit of the New York University- 
Bellevue Medical Center. Dr. Reid 
has served since 1946 as an associate 
professor of physiology at the uni- 
versity’s College of Medicine. 


Tufts College Medical School, Bos- 
ton, has appointed Henry Sable, 
of the University of Toronto, and 
Thomas R. Riggs as instructors in 
the Department of Biochemistry and 
Nutrition. 
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J. Leon Shereshefsky, professor 
and head of the Chemistry Depart- 
ment of Howard University, Wash- 
ington, D. C., will serve as visiting 
professor of physical chemistry at 
the Hebrew Institute of Technology, 
Haifa, Israel, for the academic year 
1950-51. 


Gerald F. Tape, formerly associ- 
ate professor of physics at the Uni- 
versity of Illinois, has joined the 
scientific staff of Brookhaven Na- 
tional Laboratory to assist Leland J. 
Haworth, director. Dr. Tape worked 
on radar development at the Malvern, 
England, branch of Massachusetts 
Institute of Technology’s Radiation 
Laboratory during World War IT. 


Emory University, Atlanta, Geor- 
gia, recently made five new ap- 
pointments to its science staff. Al- 
fred E. Wilhelmi, formerly of Yale 
University, will head the Department 
of Biochemistry, and his wife, Jane 
A. Russell, will be assistant profes- 
sor of biochemistry. Rolla Eugene 
Dyer, director of the Division of 
Infectious Diseases, U. 8S. Public 
Health Service, has been appointed 
director of research in the univer- 
sity’s Winship Clinic. Other ap- 
pointments in the School of Medicine 
are Richard E. Boger, assistant in 
pediatrics, and Bernard S. Lipman, 
assistant in medicine. 


William S. Wilson, head of the 
Department of Chemistry, University 
of Alaska, has been appointed acting 
director of the university ’s Geophysi- 
eal Institute, College, Alaska. 


Visitors 


R. T. Bell, of the Department of 
Chemistry, Balliol College, Oxford 
University, England, visited Iowa 
State College’s Institute for Atomic 
Research, June 26-29. 


The Connecticut State Department 
of Health recently has had as visitors 
the following: Guillermo Adriazola, 
who has been a health officer in 
Chile, and who expects to take over 


maternal and child health services 
within the National Health Insur- 
ance Program on his return to that 
country; Ruperto Angodung, dis- 
trict health officer, of Bacolod, 
Negros, Occidental, the Philippines ; 
Masayasu Kusumoto, chief of the 
Health Center Section, Public Sani 
tation Bureau, Japanese Ministry of 
Welfare; Eyvind Ek, medical officer 
with the Oslo, Norway, Department 
of Health, and assistant director of 
Oslo’s maternal and child health 
programs; Oscar C. Chacon and 
Gerardo B. Neri, of the Philippines ; 
Nouhad N. Beyhum, Lebanon, who 
will return to the Lebanese Ministry 
of Health, where he will be in charge 
of communicable diseases; and 
Hildegard Rothmund, Germany, 
who will return to that country as a 
country health officer. 


Grants and Awards 


The American Chemical So- 
ciety’s Western New York Section 
has given the 1950 Schcellkopf 
Medal to Joseph Harrison Brennan, 
chief metallurgist, Electro Metal- 
lurgieal Division, Union Carbide and 
Carbon Corporation, in recognition 
of his contributions to the metal- 
lurgical practices of the ferro-alloy 
industry. 


Awards for 50 new projects were 
included in National Cancer Insti- 
tute grants totaling $1,160,818 for 
support of cancer research in hospi- 
tals, universities, and other non- 
federal institutions. The following 
institutions received grants of $10,- 
000 or more: Southern Research In 
stitute, Birmingham, Alabama, $14,- 
688; Santa Barbara Cottage Hospital 
Research Institute, Santa Barbara, 
California, $10,888; Emory Univer- 
sity School of Medicine, Georgia, 
$13,176; Louisiana State Univer- 
sity, Baton Rouge, $11,804; Massa- 
chusetts Institute of Technology, 
Cambridge, $22,000; University of 
Minnesota, Minneapolis, three grants 
totaling $29,748; University of Mis- 
souri, Columbia, $10,000; Washing- 
ton University, St. Louis, two grants 
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totaling $17,621; Rutgers Univer- 
sity, New Brunswick, New Jersey, 
$15,000; New York State College of 
Agriculture, Ithaca, $11,000; Me- 
morial Caneer Center, New York 
City, three grants totaling $36,000; 
University of Rochester, Rochester 
New York, two grants totaling $13,- 
524; University of Pennsylvania, 
Philadelphia, three grants totaling 
$31,509; and University of Tennes- 
see, Memphis, three grants totaling 
$34,146. 


Henry G. Booker, professor of 
electrical engineering at Cornell Uni- 
versity, and P. C. Clemmow, of the 
University of London, have been 
given the Kelvin Premium for 1950 
of the Institution of Electrical En- 
gineers, London, for two papers in 
the field of wave propagation. 


At its annual convention in June, 
the American Medical Association 
presented its highest honor—the dis- 
tinguished service award—to Evarts 
A. Graham, professor of surgery at 
Washington University, St. Louis. 
Dr. Graham is known for his pioneer 
work in gall bladder disease and in 
lung surgery. The AMA gold medal 
for origina] research went to Lester 
R. Dragstedt and his associates, from 
the University of Chicago, for their 
special operative technique used in 
the study of the secretion of gastric 
juices. The silver medal was given 
to Robert Elman and his team of 
research workers from Washington 
University, St. Louis, and the bronze 
medal went to A. C. Ivy and Louis R. 
Krasno, University of Illinois. 


Eight European women have been 
given international scholarships and 
fellowship awards by the American 
Home Economics Association, to 

* study home economies in cooperating 
U. 8. colleges and universities dur- 
ing the academic year 1950-51. Re- 
cipients and the institutions at which 
they will study are: Margaritha 
Glotz, Vienna, Austria—University 
of Wisconsin; Eileen M. Herrington, 
London—Rhode Island State Col- 
lege; Tuovi E. A. Kanninen, Jyvii- 
skyli, Finland—Ohio State Univer- 
sity; Toini E. Tuomikoski, Kaarela, 
Finland—University of Illinois; 
Elisabeth M. Engelken, Frankfurt, 
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Germany—Texas State College for 
Women, Denton; Nomiki Tsoukala, 
Athens, Greece—Winthrop College, 
Rock Hill, South Carolina; Theodora 
F. 8. M. van Schaik, The Hague, 
Netherlands—Michigan State Col- 
lege; and Elsa G. Haglund, Stock- 
holm, Sweden—Pennsylvania State 
College. Miss Haglund has been des- 
ignated the association’s 1950-51 
Helen W. Atwater international fel- 
low, and will receive an additional 
grant. 


Colleges and Universities 


The University of California at 
Berkeley has received from Hermann 
O. L. Fischer, of the Department of 
Biochemistry, the complete working 
library of his father, Emil Fischer, 
an early researcher in biochemistry. 
The collection, which will be the nu- 
cleus of a library in the virus labora- 
tory and biochemistry building soon 
to be constructed at Berkeley, con- 
tains a particularly comprehensive 
group of periodicals covering the 
fields of chemistry and biochemistry. 
Many of the sets are complete from 
the first mid-nineteenth century issue 
to the present. 


The University of Wisconsin has 
established a Department of the His- 
tory of Medicine in its Medical 
School. The new department will 
be headed by Erwin H. Ackerknecht, 
who came to the university in 1947 as 
its first professor of the history of 
medicine. 


Florida State University is offer- 
ing graduate assistantships in the 
Department of Meteorology for the 
academic year 1950-51. Minimum 
requirement for an assistant is a 
bachelor’s degree including two years 
of mathematics and one year of phys- 
ies. The stipend is $125 a month, 
and students are not required to pay 
out-of-state tuition. Applications 
must be filed with the Dean of the 
Graduate School, Florida State Uni- 
versity, Tallahassee, not later than 
August 12. 


Several staff members of the Cali- 
fornia Institute of Technology are 
spending part of the summer in 
Europe, attending conferences or 


conducting research. 
professor of plant physiology, and 
Arthur W. Galston, senior research 
fellow in biology, attended the In 
ternational Botanical Congress at 


Fritz Went, 


Stockholm in July. C. A. G. 
Wiersma, professor of biology, and 
A. Van Harreveld, professor of bio- 
organic chemistry, will attend the In- 
ternational Physiological Congress in 
Copenhagen, August 15-18. Albert 
E. J. Engel, associate professor of 
geology, will attend the 25th anni 
versary meeting of the Mineralogi 
eal and Petrological Institute in 
Switzerland in August. David Lind, 
senior research fellow in physics, will 
go to Stockholm in September, where 
he will study under a Guggenheim 
Fellowship at the Nobel Institute of 
Physies. 


Industrial Laboratories 


The E. I. du Pont de Nemours 
& Co., of Wilmington, Delaware, is 
making a special survey covering fa- 
cilities, processes, and technical prob- 
lems in certain fields of chemical and 
reactor engineering. The work in- 
volves analysis of a number of exist- 
ing and planned projects in the 
atomic energy development program 
including process feasibility studies, 
developmental projects, and facilities 
requirements, 


Sharp & Dohme, Incorporated, 
has made two recent appointments to 
its medical staff: W. E. Askue, who 
has just completed a 12-month resi 
dency in pediatrics at the Norwegian 
Hospital, Brooklyn, will conduct 
clinical investigation on new prod- 
ucts in the company’s Medical Divi 
sion, at Philadelphia. R. E. Bauer, 
formerly plant physician at the 
Glenn L. Martin Company in Balti- 
more and assistant in pathology at 
the Maryland University School of 
Medicine, and more recently resident 
at the hospital of the School of Medi- 
cine, will serve as medical director 
of the Sharp & Dohme Blood Donor 
Center, at Baltimore. 


The Acetate Research Laboratory 
of the Du Pont Company’s Rayon 
Department at Waynesboro, Vir- 
ginia, has been named Benger Lab- 
oratory in honor of Ernest B. Ben- 
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ger, former manager of the Rayon 
Technical Division, who retired three 
years ago, after 30 years as a re- 
search chemist with the company. 


Meetings and Elections 


The Robert Gould Foundation of 
Cincinnati will sponsor a symposium 
on the Biological Significance of 
Lipids, September 13-14, at the Uni- 
versity of Rochester School of Medi 
eine and Dentistry. The symposium 
will be the third in an annual series 
which the foundation sponsors in 
the field of nutrition. 


The American Astronomical So- 
ciety elected the following officers 
at its June 21 meeting in Blooming- 
ton, Indiana: vice president (1950- 
52), C. 8. Beals, Ottawa, Canada; 
secretary (1950-51), C. M. Huffer, 
Madison, Wisconsin ; treasurer 
(1950-51), J. J. Nassau, East Cleve- 
land, Ohio. Alfred H. Joy, Mount 
Wilson Observatory, Pasadena, Cali- 
fornia, remains as president. 


The Mississippi Academy of 
Science elected the following officers 
for the ensuing year: president, 
Richard R. Priddy, Millsaps College ; 
vice president, A. B. Lewis, Univer- 
sity of Mississippi; and secretary- 
treasurer and executive officer, Clyde 
Q. Sheely, Mississippi State College. 


Deaths 


Alfred Meyer, 96, died July 14 at 
his summer home in Ogunquit, 
Dr. Meyer, a specialist in 
diseases of the lungs, was one of the 
founders of the National Tuber- 
culosis Association. 


Maine. 


Charles Frederick Bolduan, bac- 
teriologist, died July 5, after a brief 
illness. He was 77. Dr. Bolduan 
was a public health official in New 
York City for many years, and in 
1913 he established the Bureau of 
Health Education. He was also a 
founder of the American Diabetes 
Association. 


Henry Cuthbert Bazett, profes- 
sor of physiology at the University 
of Pennsylvania, died July 11, 
aboard the Queen Mary, on his way 
to the International Physiological 
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Congress in Copenhagen. He was 
65. Dr. Bazett, a member of the 
university’s faculty since 1921, was 
an authority on climatology, and 
had conducted research on under- 
seas temperature control for the 
U. 8. and British governments dur- 
ing World War II. 


Otto A. Beeck, 45, associate di- 
rector of research at Shell Develop- 
ment Company, Emeryville, Cali- 
fornia, died July 5. Dr. Beeck, a 
member of the AAAS, had done re- 
search on catalysis, the physies and 
chemistry of surface phenomena, re- 
action mechanisms, using tracer 
methods, and fundamentals of lubri- 
cation. 


John L. Smith, chemist, and 
chairman of the board of Charles 
Pfizer & Co., Ine., died July 10, at 
the age of 61. Dr. Smith had worked 
on the development of commercial 
production and improvement of peni- 
eillin, 


Miscellaneous 


A technical film of the life cycle of 
Diphyllobothrium latum, the fish 
tapeworm, has been prepared by the 
Audio-Visual Production Services of 
the U. 8S. Public Health Service’s 
Communicable Disease Center at At- 
lanta. The first publie showing of 
the film, which is intended for public 
health scientists and laboratory 
workers, will be at the Fifth Inter- 
national Congress of Microbiologists 
in Rio de Janeiro, August 17-24. 


Declassified and unclassified 
atomic energy research reports are 
available in 31 libraries designated 
as official depositories by the Atomic 
Energy Commission. Approximately 
3,500 reports comprise a full set, 
and about 1,500 reports are issued 
each year. The reports, as well as a 
eard catalogue index, will be fur- 
nished by the AEC, and the libraries 
will provide access to the reports, 
reference service, and photocopies 
to users. The libraries receiving 
these materials are: University of 
California at Berkeley ; University of 
California, Los Angeles; Denver 
Public Library, Colorado; Yale Uni- 
versity; Library of Congress; Geor- 


gia Institute of Technology, At 
lanta; University of Chicago; John 
Crerar Library, Chieago; University 
of Illinois; Iowa State College, 
Ames; Louisiana State University, 
Baton Rouge; Harvard University; 
Massachusetts Institute of Technol- 
ogy; University of Michigan; De- 
troit Publie Library; University of 
Minnesota; Linda Hall Library, 
Kansas City, Missouri; Washington 
University, St. Louis; Princeton 
University; Cornell University; Co- 
lumbia University; New York City 
Public Library; Duke University ; 
Cleveland Publie Library; Ohio 
State University; University of 
Pennsylvania; Carnegie Library of 
Pittsburgh; Joint University Libra 
ries, Nashville; University of Texas; 
University of Washington; Univer- 
sity of Wisconsin. 


The 1950 Bermuda Zoological 
Expedition of the Chieago Natural 
History Museum has begun undersea 
work from the Bermuda Biological 
Station for Research, on St. George’s. 
Fritz Haas, curator of lower inverte- 
brates, leader of the expedition, will 
be assisted by Joseph B. Krstolich, 
artist in the Department of Zool 
ogy. Collecting and research will be 
earried on for two months. 


The New York Academy of Medi- 
cine on July 27 began broadcasting 
a Post Graduate Radio Program 
to make information on medical prog- 
ress available to physicians in the 
New York City area. The programs, 
which will be broadeast over Sta- 
tion WNYC-FM from 9:00 to 10:00 
p-m. each Thursday, will consist of 
selected lectures on current develop- 
ments in medical science, delivered 
before the academy and its affiliated 
organizations. Communications con- 
cerning the programs to be presented 
or for further information should 
be addressed to Iago Galdston, Ex- 
ecutive Secretary, Committee on 
Medicai Information, 2 East 103rd 
Street, New York City. 


A survey of plague in Venezuela 
is being conducted by the Pan Amer- 
iean Sanitary Bureau, Regional Of- 
fice of WHO, at the request of the 
Ministry of Health. A study unit, 
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headed by Julius M. Amberson, of 
the Bureau of Medicine and Sur- 
gery, U. S. Navy, will make an epi- 
demiological rodent and insect sur- 
vey of the endemic area of the 
Campamento Rafael Rangel. Ernst 
Schwarz, of the Bureau of Medi- 
cine and Surgery, will assist Com- 
mander Amberson in the eight-week 
study. 


A fisheries research laboratory 
has been established in Honolulu, 
Hawaii, by the Fish and Wildlife 
Service of the U. 8S. Department of 
the Interior. The laboratory, headed 
by Oscar E. Sette, will conduct re- 
search supplementing or paralleling 
the exploratory investigations being 
carried on at sea by three vessels of 
the Pacifie Oceanic Fishery Investi- 
gations. Through this research and 
experimentation, investigators will 


develop and coordinate the basic 
information for a productive Ameri- 
ean fishing industry in the Pacific. 


A survey of the incidence of in- 
fection among laboratory and re- 
search workers is being conducted 
by S. E. Sulkin and R. M. Pike, of 
Southwestern Medical College, Uni- 
versity of Texas. This survey, aided 
by a grant from the National Insti- 
tutes of Health, PHS, will compile 
data on the numbers and types of in- 
fections which have occurred in the 
past 20 years in governmental and 
private laboratories handling infec- 
tious agents. The results of the 
survey, including information on pro- 
tective measures, will be presented at 
the annual meeting of the American 
Public Health Association in St. 
Louis, October 30-—November 3. 


Aboard the laboratory ship Megalopa, Dr. Hilary B. Moore, associate director of 


the National Geographic—University 


of Miami plankton research expedition, 


helps an assistant attach a bathythermograph to the seining equipment. In addi- 
tion to exploration of the ocean depths for the microscopic plankton, new infor- 
mation will be sought on the behavior of the Gulf Stream. Dr. F. G. Walton 


Smith, head of the Marine Laboratory, 


expedition, which left Miami July 25. 
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University of Miami, is director of the 


The Army Medical Library has 
prepared a Catalogue of Incunabula 
and Manuscripts in the Army Mcdi- 
cal Library, listing and describing 
the library’s holdings of three classes 
of books. The first part of the book 
lists the ineunabula; the second, 
early Western manuscripts (Latin, 
German, Italian, and English) ; and 
the last, Oriental manuscripts (Ara- 
bic, Persian, Turkish, Singhalese, 
and Hebrew). The catalogue, com- 
piled by Dorothy M. Schullian and 
Francis E. Sommer, was published by 
Henry Schuman, Inc., New York 
City. 


A manual of cerebral palsy 
equipment, containing information 
regarding use, diagrams for con 
struction, specifications, materials, 
and directions for making 127 items 
of equipment, has been completed 
by the National Society for Crippled 
Children and Adults. This manual, 
compiled with the assistance of the 
American Academy for Cerebral 
Palsy and other agencies, will aid in 
construction of equipment that must 
be designed for the individual pa- 
tient’s needs. It is available from 
the National Society for Crippled 
Children and Adults, 11 South La 
Salle Street, Chicago. 


Prevention of Deterioration Ab- 
stracts, published by the Prevention 
of Deterioration Center of the Na- 
tional Research Council, 2101 Consti- 
tution Avenue, Washington, D. C., 
are. offered for subscription on a 
yearly basis. Abstracts are classi- 
fied under the headings: Biological 
Agents; Electrical and Electronic 
Squipment; Fungicides and Other 
Toxie Compounds; Lacquers, Paints, 
and Varnishes; Leather ; Lubricants; 
Metals; Miscellaneous; Optical In- 
struments and Photographie Equip- 
ment; Packaging and Storage; Plas- 
ties, Resins, Rubbers, and Waxes; 
Textiles and Cordage; and Wood and 
Paper. One volume is published each 
year in monthly issues. Subject and 
author indexes are compiled an- 
nually to cover abstracts issued from 
July through June. The yearly rate 
of $50 includes two binders and in- 
dex tabs. An Advance List, a 
monthly bibliography of all reports 
received in this field, is available for 
$10 a year. 
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New books 
for the Engineer, Conservationist, Chemist 


UNIT OPERATIONS 


By GeorGe GRANGER Brown, University of Michigan, and Associates. Presents 
an integrated treatment of the unit operations emphasizing the basic principles 
that are common to different operations. They are logically classified according to 
these common basic principles into four groups: solids; fluids; separation by ideal 
or equilibrium stages; and rates of energy and mass transfer. This grouping per- 
mits using methods of general applicability and reduces the emphasis upon spe- 
cialized procedures. The operations are treated in an ascending order of difficulty 
rather than upon their assumed relative importance. The book presents a “way of 
thinking”—distinct from mechanical methods for solving problems—that has 
proved most helpful. Ready in August. Approx. 598 pages. 586 illus. Prob. $7.50. 


CONSERVATION of NATURAL RESOURCES 


Edited by Guy-Harotp Smitn, The Ohio State University; with the Contribu- 
tions of 20 Experts. A modern, authoritative study of the present needs and 
achievements in the field of conservation. Each natural resource is treated in turn: 
soils, forests, water, minerals, etc. The contributors review the basic geographical 
and conservational facts about each resource; its extent, distribution, and use; the 
natural and human factors involved; and the conservation practices needed to 
achieve security. Ready in September. Approx. 533 double column pages. 
172 illus. Prob. $6.00. 


INTRODUCTION to TEXTILE CHEMISTRY 


By Bruce E. Hartsucn, Michigan State College. Covers all important textile 
fibers in detail: development and history, manufacture and processing; their physical 
and chemical properties in relation to their applications; and their reactions under 
conditions of processing and use. Ready in August. 413 pages. Prob. $4.50. 


TEXTILE CHEMISTRY in the LABORATORY 


By Bruce E. Hartsucn. This laboratory manual supplements Introduction to 
Textile Chemistry. Fifty-five experiments covering the chemistry of wool, silk, 
cotton, rayon, hard water, and soap are included. They illustrate the chemical re- 
actions involved in the preparation, manufacture, processing, and maintenance of 
textile materials. Ready in August. Approx. 72 pages. Prob. $1.50. 


Send for copies on approval. 


JOHN WILEY & SONS, Inc. 
440 Fourth Avenue New York 16, N. Y. 
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CUSTOM MADE 


TOOL FOR THE ANALYS!S 


THE CONTROL OF PRODUCTION OF 


179 EAST 87TH STREET 
NEW YORK, N. Y. 


OF COMPLEX COLLOID SYSTEMS, AND FOR 


PURIFIED PROTEINS, ENZYMES, HORMONES 


KLETT MANUFACTURING CO. 


ALETT 
ELECTROPHORESIS 


GUARANTEED LITTERS 


from 


PREGNANT MICE 


CF#1 strain and CF#1 + Chocolate hybrid mice now 
available for laboratory research on Coxsackie anid 
other viruses. Both types show high resistance to 
Infantile Diarrhea. 


Newly designe:! carrier contains ten pregnant mice 
each isolated in individual compartments of master 
carton. 


All shipments fully guaranteed as to usable litter. 
Where litter is lost or becomes un-usable in transit, 
full credit will be given. 


Orders cxn be filled in areas within a range of two 
days express from shipping point. In order to insure 
availability of mice it is necessary that we be given 


> wecks notice in advance of required shipping 
ate. 


For full details, write to: 


CARWORTH FARMS nc 


NEW CITY: ROCKLAND COUNTY - NEW YORK 


Laboratory Pre-Tested 
for Microbiological Uses 


CASEIN 


HYDROLYSATES 


“Vitamin Free” Casein Hydrolysate GBI 
For U.S.P. and other standard assays for 
B-Complex vitamins, amino acids and bac- 
terial nutrition studies. 
LIQUID—acid hydrolysate (sterilized) 

1 doz. 100 ml. bottles — $16.00. 
POWDER — enzymic hydrolysate (/yophilized) 

Each bottle of dry powder makes 100 ml. 

of solution. 1 doz. bottles — $17.50. 

Related GBI Products 
Other special microbiological media, crystalline 
vitamins, amino acids and miscellaneous 
biochemicals. 
Write for Catalog No. 677 

GENERAL BIOCHEMICALS, INC. 


60 LABORATORY CHAGRIN FALLS, 


PARK OHIO 
Keg U.S rot. OF. 


Science, Vol. 112 


3 
4 
: 
a. & # ia 
ak ~ 
a 4 
| 
| 
{ 
| 


The New COLEMAN NEPHO-COLORIMETER 


COLORIMETRY 
for . . . NEPHELOMETRY 
TURBIDIMETRY 


COLORIMETRY—A precision filter colorimeter with a balanced filter 
selection. Accepts a wide range of cuvette sizes. Direct-deflection or 
potentiometric measurement of Transmittance or Optical Density. 


NEPHELOMETRY—A fantastically sensitive instrument for the meas 
urement and evalurtion of Llaze in liquids by dispersed (Tyndall) light. 
Combined with permanent Coleman Nephelos Standards it permits 
absolutely reproducible measurement and expression of haze, in nu- 
merical terms. 


TURBIDIMETRY—llighly precise transmission measurements of tur- 
bid solutions by e:ther white or colored light. 


A tri-purpose instrument particularly valuable for the bacteriological 
and clinics! Inbor tories, for water analysis and for food, beverage. 
pharmaceutical and industrial control laboratory procedures. 


Each (without accessories), $370.00 


Write today for full details. Ask for Bulletin B-215. 


THE 


STATHAM 
Physiological Pressure Transducers 


EKG 
or 
Recorder 


The Model P23 pressure transducers were spccifi- 


CARVER 


LABORATORY 
PRESS 


for Pressing Out 
Saps, Juices, 


cally designed for the purpose of measuring and re- 
cording arterial and venous blood pressures. The 
system illustrated above demonstrates how simply 
measurements can be obatined with Statham 
transducers. 
Please write our 
Engineering Department 
for more specific data. 


SCIENTIFIC INSTRUMENTS 
9328 Santa Monica Bivd., Beverly Hills, Calif. 


July 28, 1950 


Designed to facilitate research and development wher- 
ever pressing is required. Carver accessories provide 3 
means of pressing oil and liquids, splitting of chilled 
oils, pressing extracts, saps and juices from plant and 
animal tissues, etc. All thoroughly standardized, availa- 
ble for immediate shipment from stock. Send for new 
illustrated catalog giving full details. 


FRED S. CARVER INC. 
HYDRAULIC EQUIPMENT 
ms 341 HUDSON ST. NEW YORK 14, N. Y. cece 
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Personnel Placement 


Personnel Placement 


CHARGES and REQUIREMENTS 
for “PERSONNEL PLACEMENT” Ads 


1. Rate: 15¢ per word, minimum charge $3.00 for each 
insertion. If desired, a “Box Number” will be 


POSITIONS OPEN 


Bacteriologist. Bacterial physiologist wanted for teaching and re- 
search in major southwestern University. Box 243, S i 


so that replies can be directed to SCLENCE for immediate 
forwarding. Such service counts as 8 words (e.g., a 25- 
word ad, plus a “Box Number”, equals 33 words). All 
ads will be set in regular, uniform style, without display ; 
the first word, only, in bold face type. 

For display ads, using type larger or of a different 
style than the uniform settings, enclosed with separate 
border rules, the rate is $16.00 per inch; no extra charge 
for “Box Numbers”. 

2. Advance Payment: All Personnel Placement ads, classi- 
fied or display, must be accompanied by correct remittance, 
made payable to SCIENCE. Insertion can not be made 
until payment is received. 

3. Closing Date: Advertisements must be received by 
SCIENCE, 1515 Mass. Ave., N.W., Washington 5, D. C., 
together with advance remittance, positively not later than 
14 days preceding date of publication (Friday of every week). 


POSITIONS WANTED 


Academic position desired by Ph.D. (Columbia University, 1949) 
in Education and Philosophy, with broad training in related fields. 
One year of active teaching experience. Four years of research 
and translation experience heen a to Chinese. Can speak 
and write both Chinese and English fluently. Box 233, mame 


Bacteriologist: woman Ph.D., age 33, with teaching and research 
experience, b:cterial genetics, general and mecica 
desires academic or research position. Box 248, SCLENCE, 


Biological or medical research position desired, industrial or 
otherwise; veteran, 33, . Chemistry, M.S. Biology, 3 years 
pre-doctoral m anatomy, pathology, other interests ene 
parasitology; publications. Box 244, SCLENCE, 2 


Biophysicist: Ph.D. Age 28. Broad background in physics and 
biology, specializing in electro-physiology. Full time research 
or half-time teaching. Box 241, SCIENCE. x 


Biophysicist: Desires teaching and research in medical school or 
college. Ph.D. candidate 1950. 2 years experience in nuclear 
physics. 1% years in medical physics. 1% years in neuro- 
physiology. Research interest in neurophysiology. Publications. 
Box 249, SCIENCE. xX 


Entomologist, M.S., Field and teaching experience. Desires re- 
search or technical sales position. Box 236, SCIENCE. /4 


Pharmacologist: Ph.D., with biochemical or pharmaceutical back- 
ground. Also Ph.D. in pharmacy or pharmaceutical chemistry. 
T--ching positions open in September. Good salaries. Box 239, 
Svc.ENCE. R7/28 


Positions Open: 

(a) Director of research; broad scientific background in biochem- 
istry, pharmacology or physiology; should be interested in funda- 
mental research pertaining to product development; outstanding 
candidate required; salary dependent upon qualifications; will offer 
up to $25,000. (b) Physicians interested in relinquishing clinical 
medicine for important positions with pharmaceutical company; 
i.e., directorship of professional service department, Chicago office, 
and, also, assistant advertising directorship, eastern headquarters. 
(c) Biochemist with practical training in physiological chemistry 
and toxicology; Ph.D. preferred; salary dependent upon qualifica- 
tions ; laboratories of fairly large hospital; Pacific Coast. (d) Di- 
rector of public relations; preferably candidate with agricultural 
background; duties include editorial work, medical writing; Mid- 
west metropolis. (e) Toxicologist, Ph.D. with experimental train- 
ing in biology and radiation activity; research appointment, large 
chemical company; university medical center. S7-4, Burneice 
Larson, Medical Bureau, Palmolive Building, Chicago. 


Wanted: Research Cyto-Geneticist. Research in grasses and 


cereals mainly. Inquire immediately. Position now open. Box 
247. SCIENCE. 8/11 


The Market Place 


BOOKS 


P 
Sets and runs, foreign and 
SCIENTIFIC BOOKS 
Entire libraries and smaller collections 
WALTER JOHNSON 
125 East 23rd Street, New York 10, N. Y. 


YOUR PERIODICALS — 


We need Complete Sets, Runs, Volumes and Single numbers. 
CASH IN on your periodical accumulations NUW! 
COLLEGE LIBRARY SERVICE @ Dept. A, Box 311, N. Y. 3 


Also send us your list of wants 


Instrumentation position in medical physics desired by Electrical 
Engineer with M.S. in Zoology, having finished credits for Ph.D. 
Designed, radio cardiography apparatus supersonics, scintillation 
counters, also teaching experience in Zoology. Papers. Box 245 
SCIENCE, x 


Microbiologist, M.Sc., woman, degree minors—chemistry, soil 
bacteriology, research experience. Box 228, SCIENCE. 7-28 


Physiologist: Ph.D.; two years, instructor, physics and two years, 
research associate, Middle Western University; four years, assist- 
ant professor, physiology, university medical school; for further 
information, please write Burneice Larson, Medical Bureau, Palm- 
olive Building, Chicago. 


Plant Pathologist: Ph.D. September, 1950, desires university 
teaching-research position starting fall. Box 246, SCIENCE x 


Zoologist: 30 M.S. desires position teaching, research, Fellowship 
teaching and assisting experience in Protozoology, Zoology, Gen- 
7 entee Considerable work toward Ph.D. ox 242, 


Are YOU seeking a new position? 
REPLIES received from ONE 
classified ad in SCIENCE... .. 
YOUR ad here will get RESULTS 


For “Charges & Requirements” sce above 


Your sets and files of scientific journals 
are needed by our library and institutional customers. lease send 
us lists and description of periodical files you are willing to sell 
at high market prices. J. S. CANNER AND COMPANY, 909 
Boyston Street, Boston 15, Massachusetts. tf 


Send us your Lists of 
SCIENTIFIC BOOKS AND PERIODICALS 
which you have for sale. 
Complete libraries; sets and runs; and single titles are wanted. 
Also please send us your want lists. 
STECHERT-HAFNER, INC., 31 East 10th Street, New York 3. 


. . . of interest to physicians, 
ys 


veterinarians, agricultural scientists, 


and chemists . . . 


—Brucellosis 


This AAAS symposium volume presents in 24 
papers a comprehensive view of Brucellosis. 
Cash price to AAAS members—$3.50 
Nonmembers and __institutions—$4.00 
RDER NOW from A.A.A.S. PUBLICATIONS, Dept. B 
1515 Massachusetts Ave., N.W., Wash. 5, D. C. 
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The Market Place 


The Market Place 


CHARGES and REQUIREMENTS 
for “MARKET PLACE” Ads 


Rate: 20¢ per word for claxxified ads, minimum charge 
$5. 00 for each insertion. Such ads are set in uniform syle, 
without di~play; the first word. only, in bold face type, 
For dixplay ads, using type larger or of a different style 
than the uniform classified oe and entirely enclosed 
with separate rules, rates are as follow 
Single insertion 
7 times in 1 year 
13 times in 1 year 
26 times in 1 year 11.50 per inch 
52 times in 1 year 10.00 per inch 
2. Payment: For all claxsified ads, payment in advance is 
required. before insertion can be made. Such advance 
remittances should be made payable. to SCIENCE, and 
forwarded with advertising “copy” instructions. 
For display advertisers, monthly invoices will be sent on 
a oer account basis—providing satisfactory credit is 


$16. 00 ‘per inch 
14.50 per inch 
13.00 per inch 


established 
3. Closing Date: Classified advertisements must be received 
by SCIENCE, 1515 Massachusetts Avenue, N.W., Wash- 


ington 5, D. C., together with advance remittance, positively 
not later than 14 days preceding date of publication (Friday 
of every week). 

For proof service on Come. ads complete Eo 

tions must reach the pub offices of SCIES 
Massachusetts Avenue, Vashington 5, C., not 
later than 4 wecks Soieliee date of publication. 


SUPPLIES AND EQUIPMENT 


RHEINBERGS RETICULES 
MADE IN ENGLAND 
BRITISH CRAFTSMANSHIP combines precision accuracy 
and clarity with lowest prices 
Complete list of 
STOCK EYEPIECE & STAGE MICROMETERS from: 
RHEINBERGS LTD., 57/60 Holborn Viaduct, London E.C.1, England 
Cables: Rheinberg, London 


Established 
1884 


POULTRY GUINEA PIGS 


e Clean healthy well-fed 


JOHN C. LANDIS + Hagerstown, Md. 


Ashi 


ANIMAL CAGES AND ACCESSORY 
EQUIPMENT 
ORDERS NOW ACCEPTED FOR EARLY DELIVERY 
HOELTGE BROS., Inc. 


1919 Gest St. Cincinnati 4, Ohio 
Write for New 1950 Catalog 


SUPPLIES AND EQUIPMENT 


QUARTZWARE 


for laboratory and industry 
A complete line of standard laboratory ware. 
Also custom fabricating to meet your requir 


All Amino Acids (natural, synthetic, unnatural), 


Rare Sugars, Biochemical Products, Reagents, New Pharma- 
ceuticals in stock. Write or phone PLaza 7-8171 for complete 


_ 17 West 60th Street, 
BIOS LABORATORIES, INC. SE SO 


For particulars, write: Quartzware Division 


THE PANRAY CORP. 
340 Canal Street, New York 13, N. Y. 


PARASITOLOGICAL PREPARATIONS 
@ high quality — low priced. Write for catalog 
TROPICAL BIOLOGICALS @ P.O. Box 2227, San Juan, Puerto Rico. 


TRANSPARENT BOXES 

Five Sizes: Maximum protection and 

Write for Leaflet TR-S 


R. P, CARCILLE 
116 Liberty St.. New York 6, N. Y. 


STAINS 


STARKMAN Biological Laboratory 


@ RARE 
@ COMMON 
Price list on Request 
e 461 Bloor St., W. 
Toronto, Canada 


HYPOPHYSECTOMIZED 


Shipgss to all points via Air 
For further information write 


808 E. $8th St. 
HORMONE ASSAY LABORATORIES, Inc. @ 37, TIL 


RATS 


GLYCOCY AMINE L-Methionine 

@ AMINO ACIDS e BIOCHEMICALS 

@ PRE-MIXED MICROBIOLOGICAL ASSAY MEDIA 
H. M. CHEMICAL COMPANY, LTD. 

144 North Hayworth Avenue Los Angeles 36, California 


a tested formula 
for increasing your sales... 


ADVERTISE in SCIENCE 


Satisfied advertisers give proof that SCIENCE 
@ PRODUCES RESULTS 


“Science is consistently our* most profita- 
ble medium. Business secured solely thru 
SCIENCE ads has been the backbone of 
our success in this field.” 


“ 


. our client* joins us in expressing 
our satisfaction at the results advertising 
in SCIENCE has accomplished.” 


“SCIENCE is an exceptionally fine pro- 


ducer of inquiries and sales for us.*” 


* Names on Request 
w 
YOUR SALES STORY to the more than 32,000 SCI- 
TELL §&% ENCE subscribers . . . a fertile market for your Scientific 
, Services, or Supplies. 
"tht same dience, id d by the 
and increasing number of lar advertisers. 
SELL PROOF that SCIENCE advertising produces results! 
See “Charges and Requirements” above, 
or write for Rate Card 26K today. 


July 28, 1950 


ll 
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74 x 104 inches, 
double column, 
clothbound, 
320 pages 


Symposia presented 
to commemorate the 
first hundred years 
of AAAS include 
42 papers by lead- 
ing scientists in thir- 
teen major fields: 


* Sciences of Society 

* Educational Potentials 

* Human Individuality 

* Food and Nutrition 

* Housing 

* World Health Problems 

* Sources of Energy 

* The Upper Atmosphere 

* The World’s Natural Resources 
* Genes and Cytoplasm 

* High Polymers 

* Interactions of Matter and Radiation 
* Waves and Rhythms 


e Cash price to AAAS members $4.50 
Nonmembers and _ institutions .00 


A.A.AS. ORDER now 
1515 Massachusetts Ave., N.W. 
Washington 5, D. C. 


Ay Enclosed find my check or money order 
) in the amount of $...... 
copy of Centennial. 
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PHOTOVOLT 


Electronic Photometer 
Mod. 512 with Photo-Multiplier 


microphotometric histo- 

chemistry and cytology 

by absorption measurements under the microscope 
Write for Bulletins #316 and 810 


PHOTOVOLT CORP. 
95 Madison Ave. New York 16, N. Y. 


RESEARCH BIOCHEMICALS 
for 


Biological & Microbiological 
INVESTIGATIONS 


Uniform Pre-tested Dependable 


“VITAMIN FREE” CASEIN 


Hot Alcoholic Extracted 
Exceptional in Purity for Vitamin Tests 


TYPICAL VITAMIN ANALYSIS 


(micrograms per gram) 


THIAMINE 

RIBOFLAVIN 

NIACIN 

PYRIDOXINE 

PANTOTHENIC ACID 

BIOTIN 

FOLIC ACID 0.030 
Now Available at New Reduced Prices 
Write for Revised Catalogue S #810 Listing 

a Complete Selection of Over 400 

Important Biochemicals 


NUTRITIONAL BIOCHEMICALS CORP. 


CLEVELAND 5, OHIO 


Science, Vol. 112 
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or new Lovizons in 


Photomicrography 


& scientific photography 


Designed for the ultimate in versatility, the new Silge & Kuhne 
Orthophot provides all the facilities for photomicrography (using 
any standard microscope), photomacrography, microprojection, 
photocopying, microfilming, x-ray copying, enlarging, and general 
laboratory and scientific photography. 


-REPRODUCTI 

Block Bakelite toble 
and oblique comera 
orm convert Ortho- 
phot to photocopy 
unit for gross speci- 
mens, drawings, 
photographs, pa- 
pers, etc. Special 
ble tronsilluminotes. 


In seconds, Orthophot 
converts for photoma- 
crography. Adjustable 
macro-stand replaces 
microscope. Some 
highly-controllable il- 
lumination ond split- 
micron focusing used. 


Orthophot set up for photomicrography with 
standard microscope. Built-in, permanently- 
aligned light source with complete color and = : 
intensity controls. Precision reflex camera has Substitution of enlorger 
split-micron focusing device. head with opal-bulb 
light source ond double 
condensing lens mokes 
Orthophot into precision 


photoenlaorger. Quick, 
MICROSCOPY! needle-sharp focusing 
with illuminated torget 


on table ond using re- 


Simplified column on Or- 
thophot occommodotes still 
comeros from miniotures 
to 4 by 5 Grofiex types, 
clmost oll 8- and 16-mm 
cine comeras, ond mony 
35-mm models. Extended 
odjustments provide align- 
ment with stondord micro- 


Seporotely, il- 


flex mirror. scopes. 
port of com- 
phot, Ortho-il- Accessory units not shown include microprojection viewer with 8- by 8-in. vertical 
a ex- ground glass, alternative exposure meters approximately 20 and 2000 times os 
Darneenie, sensitive as standard commercial types, and bellows-ext dapters to in- 
dorkfield, ond other ‘research techniques, ond crease magnification or establish fixed ratios. 
light, free from filoment image, rises vertically This versatile equipment is supplied either in complete cssemblies or in separate 
from base, entering microscope condenser di- sections to coordinate with existing laboratory facilities. Write for descriptive dato. 


rectly. Operation on a-c or d-c power. 


Orthophot as shown at 
top (without microscope) 
$825.00. f.o.b. destina- 
tion U.S.A. 


Specialists and Photomicrographic Equipment 


: 
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| 
153 Kearny St. San Francisco 8, Calif. 
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* “AUTOFOCUS” — an exclusive AO time saver in 
examination of a series of slides. 


LIGHTWEIGHT ALUMINUM STAND is scientifically 


engineered for increased sturdiness and stability. 


“FULL FIELD” ILLUMINATION — convenient, 
permanently adjusted for all objectives—is provided by the 
attachable light source. 


CUSTOM TENSION ADJUSTMENT — substage and 


coarse focusing knobs may be set to suit your touch. 


* COMPLETELY NEW, YET THOROUGHLY TESTED 


— product of many years’ research and development. 


* SERVICE, PARTS, OR ACCESSORIES are’teadily 


available. 


IN THE NEW 


oO SPENCER 
MEDICAL AND 
LABORATORY 
MICROSCOPE 


NO. N35MH 


Ask your AO Spencer Distributor 

to demonstrate “Autofocus” and show 

you the many other advantages of this famous 
American-made Microscope. For literature or the 
address of your nearest distributor, write Dept. G4. 


American © Optical 


INSTRUMENT DIVISION e BUFFALO 15, NEW YORK 


Makers of Precision Optical Instruments for over 100 Years 
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